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Abstract 

We give a local expression for the scalar curvature of the noncom- 
mutative two torus Ag — C(Tg) equipped with an arbitrary translation 
invariant complex structure and Weyl factor. This is achieved by evaluat- 
ing the value of the (analytic continuation of the) spectral zeta functional 
Ca(s) := Trace(aA~'') at s = as a linear functional in a £ 
new, purely noncommutative, feature here is the appearance of the modu- 
lar automorphism group from the theory of type III factors and quantum 
statistical mechanics in the final formula for the curvature. This formula 
coincides with the formula that was recently obtained independently by 
Connes and Moscovici in their recent paper [15) . 
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1 Introduction 

In this paper we give a local expression for the scalar curvature of the non- 
commutative two torus Ae — C(Tg) equipped with an arbitrary translation 
invariant complex structure and Weyl factor. More precisely, for any complex 
number r in the upper half plane, representing the conformal class of a metric 
on Tg, and a Weyl factor given by a positive invertible element k e C°°(Tg), 
we give an explicit formula for an element R — R{t, k) e C°°(Tg) that is the 
scalar curvature of the underlying noncommutative Riemannian manifold T^. 
This is achieved by evaluating the value of the (analytic continuation of the) 
spectral zeta Junctional Ca(s) '■— Trace(aA^'') at s = as a linear functional in 
a G C°°(Tg). A new, purely noncommutative, feature here is the appearance 
of the modular automorphism group from the theory of type III factors and 
quantum statistical mechanics in the final formula for curvature. This formula 
exactly reproduces the formula that was recently obtained independently by 
Connes and Moscovici in their recent paper jT5]. It also reduces, for r — -\/— T, 
to a formula that was earlier obtained by Alain Connes for the scalar curvature 
of the noncommutative two torus. 

Our main result (Theorem 15.21 below) extends and refines the recent work 
on Gauss-Bonnet theorem for the noncommutative two torus that was initiated 
in the pioneering work of Connes and Tretkoff in [16] (cf also [6l [5] for a 
preliminary version) and its later generalization in |17j . In fact after applying 
the standard trace of the noncommutative torus to the scalar curvature R one 
obtains, for all values of r and k, the value 0. This is the Gauss-Bonnet theorem 
for the noncommutative two torus and, in the commutative case, is equivalent 
to the classical Gauss-Bonnet theorem for a surface of genus 1. 



2 



The backbone of the present paper is noncommutative differential geometry 
program [71 [H [ini US] . According to parts of this theory that is relevant here 
the metric information on a noncommutative space is fuhy encoded as a spectral 
triple on the noncommutative algebra of coordinates on that space. Various 
technical results corroborates, in fact fully justifies, this vision. First of all, 
Connes ' reconstruction theorem [llj guarantees that in the commutative case, 
the notion of spectral triple is strong enough to fully recover the Riemannian 
(spin) manifold from its natural spectral triple data defined using the Dirac 
operator acting on spinors. Secondly, as it is shown in ^ [TOl [12], ideas of 
spectral geometry, in particular formulation of several invariants of a Rieman- 
nian manifold like volume and scalar curvature in terms of asymptotics of the 
trace of the heat kernel of Laplacians and Dirac operators, have very natural 
extensions in the noncommutative setting and recover the classical results in the 
commutative case. Other relevant results are the Connes-Moscovici local index 
formula [T3] and Chamseddine- Connes spectral action principle |3]. In passing 
to the noncommutative case, sooner or later one must face the prospect of type 
III algebras and the lack of trace on them. It was exactly for this reason that 
twisted spectral triples were introduced by Connes and Moscovici in [14]. The 
spectral triple at the foundation of the present paper was defined in [16] and 
is in fact, via the right action corresponding to the Tomita anti-linear unitary 
map, a twisted spectral triple. 

One of the main technical tools employed in this paper is Connes' pseudod- 
ifferential operators and their symbol calculus on the noncommutative torus [7] 
and the use of the asymptotic expansion of the heat kernel in computing zeta 
values. This, however, by itself is not enough and, similar to [6j [TH [17], one 
needs an extra and intricate argument to express Ca(0) i^i terms of the modu- 
lar operator defined by the Weyl factor. As a first step, the calculation of the 
asymptotic expansion of the heat operator for arbitrary values of the conformal 
class is quite involved and must be performed by a computer. We found it 
impossible to carry this step without the use of symbolic calculations. Finally 
we should mention that, as is explained in [Tni[I7], there is a close relationship 
between the subject of this paper and scale invariance in spectral action [3J [3] 
on the one hand, and non-unimodular (or twisted) spectral triples [14j on the 
other hand. 

This paper is organized as follows. In Section [2] we recall a twisted spectral 
triple on the noncommutative torus from [16] and the conformal structures of 
this noncommutative space. An important idea here is to determine the confor- 
mal class of a metric by defining a complex structure on the noncommutative 
torus, and perturbing this metric by changing the tracial volume form to a KMS 
state by means of a Weyl factor given by an invertible positive smooth element 
[IB] . In Section [3] we give a spectral definition for the scalar curvature of the 
noncommutative torus equipped with a general metric. We also recall the pseu- 
dodifferential calculus ^ for the special case of the canonical dynamical system 
defining the noncommutative torus and explain how this will provide a method 
for computing a local expression for the scalar curvature of this noncommutative 
Riemannian manifold. In Section[4]we illustrate the process of finding this local 
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expression by means of pseudodifferential calculus on the noncommutative torus 
and heat kernel techniques. Another crucial technique here, as in [6j[T6l[T7], is 
to use the modular automorphism to permute elements of the noncommutative 
torus with the Weyl factor. In fact this prepares the ground for using func- 
tional calculus to write the final formula for the scalar curvature in a concise 
form. Considering the lengthy computations and formulas in this section, the 
final concise formula shows some magical cancelations and simplifications after 
the necessary rearrangements and permutations by means of the modular auto- 
morphism. In Section [5] we simplify our formula for the scalar curvature of the 
noncommutative torus in terms of the logarithm of the Weyl factor. Here again 
the modular automorphism is used crucially to find some identities that relate 
the derivative of the Weyl factor and the derivative of its logarithm with respect 
to the noncommutative coordinates of the noncommutative torus. At the end, 
for the convenience of the reader, we have recorded in Appendices, the lengthy 
formulas for the pseudodifferential symbols that appear in approximating the 
resolvent of the Laplacian and contain the geometric information for computing 
the scalar curvature. 

The definition of the scalar curvature for spectral triples in terms of the 
second term of the heat expansion was given in [T^, Definition 1.147 of Section 
11.1. The refinement used here as well as in [TS] is to introduce the chiral scalar 
curvature from which the scalar curvature using the Laplacian on functions is 
easily deduced, (see also [2] for a variant). 

We would like to express our indebtedness to Alain Connes for motivating 
and enlightening discussions and for much help during the various stages of the 
work on this paper. At several crucial stages he generously shared his insight and 
ideas with us and communicated their relevant joint results in |15) with us. This 
gave us a good chance of finding potential errors in the computations. In fact 
the idea of using the full Laplacian^ on functions and 1-forms, as opposed to just 
functions, was suggested to us by him. While in the commutative case one can 
recover the curvature from zeta functionals from the Laplacian on functions, 
this is no more the case in the noncommutative case. We would also like to 
heartily thank Henri Moscovici for a push in the right direction at an early stage. 
After the appearance of our Gauss-Bonnet paper [T7] , Henri and Alain kindly 
pointed out to us that the calculations in that paper might be quite relevant for 
computing the scalar curvature of the noncommutative two torus. Finally F. 
F. would like to thank IHES for kind support and excellent environment during 
his visit in Summer 2011 where part of this work was carried out. 

2 Preliminaries 

Let S be a closed, oriented, 2-dimensional smooth manifold equipped with a 
Riemannian metric g. The scalar curvature of (S, g) can be expressed by a local 
formula in terms of the symbol of the Laplacian Ag = d*d, where d is the de 
Rham differential operator acting on smooth functions on E. In fact using the 
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Cauchy integral formula, for any t > one can write 



where C is a curve in the complex plane that goes around the non-negative real 
axis in the clockwise direction without touching it. The operator e"*'^^ has a 
smooth kernel K{t, x, y) and there is an asymptotic expansion of the form 

oo 

K{t, X, x) - ^ e2n{x, Ag)e (t -> 0). 

The term 62(2;, Ag) turns out to be a constant multiple of the scalar curvature 
of 

As a first step towards computing the scalar curvature of the noncommu- 
tative two torus, we recall the notion of the perturbed spectral triple attached 
to (Tg, T,k), where r S C \ R represents the conformal class of a metric on the 
noncommutative two tours Tg, and k S C°°(Tg) is the Weyl factor by the aid 
of which one can vary inside the conformal class of the metric [THl HZ] . 

2.1 The irrational rotation algebra. 

Let 9 be an irrational number. Recall that the irrational rotation C*-algebra 
Ag is, by definition, the universal unital C*-algebra generated by two unitaries 
U, V satisfying 

VU = e^'^'^UV. 

One usually thinks of Ag as the algebra of continuous functions on the noncom- 
mutative 2-torus Tg. There is a continuous action of T^, T = ]R/27rZ, on Ag by 
C*-algebra automorphisms {a^}, s G M^, defined by 

The space of smooth elements for this action, that is those elements a G Ag for 
which the map s as (a) is C°° will be denoted by A^ . It is a dense subalgebra 
of Ag which can be alternatively described as the algebra of elements in Ag whose 
(noncommutative) Fourier expansion has rapidly decreasing coefficients: 

I] a„,„C/"y"; sup (|mhnna^,„|) <oo,Vfc,geZ}. 

There is a unique normalized trace t on Aq whose restriction on smooth elements 
is given by 

The infinitesimal generators of the above action of on Ag arc the deriva- 
tions (5i , (S2 : Af Af defined by 

Si{U)^U, <5i(y)-0, 62{U)^0, S2{V) = V. 



5 



In fact, 5i,52 are analogues of the differential operators \d/dx,jd/dy acting 
on the smooth functions on the ordinary two torus. We have 5j{a*) = —5j{a)* 
for j = 1,2 and all a G A'^ . Moreover, since io5j = 0, for j = 1, 2, we have the 
analogue of the integration by parts formula: 

t{a5j{h))^-t{5j{a)b), Va,6eAg°. 

We define an inner product on Aq by 

(a, h) = t{b*a), a,b € Ag, 

and complete Ag with respect to this inner product to obtain a Hilbert space 
denoted by Hq. The derivations 6i,52, as unbounded operators on Ho, are 
formally selfadjoint and have unique extensions to selfadjoint operators. 

2.2 Conformal structures on Tg. 

To any complex number r = n + zr2, Ti,r2 G M, with non-zero imaginary 
part, we can associate a complex structure on the noncommutative two torus 
by defining 

d = Si+fS2, d*=Si+TS2- 

To the conformal structure defined by r, corresponds a positive Hochschild two 
cocycle on Ag^ given by (c/. [10]) 

'ip{a, b, c) = — t {adbd*c). 

We note that d is an unbounded operator on "Hq and d* is its formal adjoint. 
The analogue of the space of (1, 0)— forms on the ordinary two torus is defined 
to be the Hilbert space completion of the space of finite sums X] ^96, a, 6 e A^, 
with respect to the inner product defined above, and it is denoted by 7^^^'°). 

Now we can vary inside the conformal class of the metric [16' by choosing a 
smooth selfadjoint element h = h* G A"^, and define a linear functional (f on 
Ag by 

ip{a) = t(ae"''), a € Ag. 

In fact, (/? is a positive linear functional which is not a trace, however, it is a 
twisted trace, and satisfies the KMS condition at /3 = 1 for the 1-parameter 
group {cr*}, t S K of inner automorphisms at — A~** where the modular oper- 
ator for if is given by (c/. [16 ) 

moreover, the 1-parameter group of automorphisms at is generated by the 
derivation — log A where 

logA{x) ^ [~h,x], xeA^. 

We define an inner product ( , ) on by 

{a,b)^ = ip{b*a), a.beAg. 

The Hilbert space obtained from completing Ag with respect to this inner prod- 
uct will be denoted hy H^. 
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2.3 Spectral triple on Ag. 

In this subsection, we recall the Connes-Tretkoff ordinary and twisted spectral 
triple over Ag and Ag^ respectively. 

Let us view the operator d as an unbounded operator from to 
and denote it by dip. Similar to |16j . we construct an even spectral triple by 
considering the left action of Ag on the Hilbert space 

and the operator 

Then the Laplacian has the following form: 



d^d; 



We also note that the grading is given by 



7-( J \ ]:H^H. 



It is shown in [T71 [TB] that the operator 
is anti-unitarily equivalent to 



^ip^ip • T~l'ip ^ ^^^p: 



kd*dk : no no, 

where k :— e^/'^ acts on "Ho by left multiplication. In a similar manner, we have 
the following equivalence for the other half of the Laplacian: 

Lemma 2.1. The operator d^d* : 'H*-^''^-' — > TiS^'^^ is anti-unitarily equivalent 
to 

where k^ acts by left multiplication. 

Proof. One can easily see that the formal adjoint of d^p : Hip H^^'^^ is given 
by Rk^d*, where Rk^ denotes the right multiplication by k^. Let J be the 
involution on H^^'^^ given by J(a) = a*. Then we have: 

Jd^d*J = JdRk2d*J = JdJJRk2jJd*J = d*k'^d. 

□ 

In [TB], a twisted spectral triple is also constructed over Ag^. In fact, consid- 
ering the Tomita anti- linear unitary map in H^, and the corresponding uni- 
tary right action of Ag in Hip given by a >-?> J^a*J^, it is shown that [A°g' D) 
is a twisted spectral triple in the sense that the twisted commutators 

Da°P - {k-^ak)°PD 

are bounded operators for all a ^ Ag. 
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3 Scalar Curvature 



In their book [12] , Connes and Marcolli give a definition for tlie scalar curvature 
of spectral triples of metric dimension 4- Tliis uses residues of the zeta function 
at its poles and cannot be applied to spectral triples of metric dimension 2, as 
is the case for the noncommutative two torus. For spectral triples of metric 
dimension 2, it is the value of the zeta functional at s = that gives the 
scalar curvature. The general definition of scalar curvature for spectral triples 
of metric dimension 2, reduces to the following definition in the case of the 
noncommutative two torus (cf. also [15' for further explanations, motivations, 
and extensions, and [2] for a related proposal). The scalar curvature of the 
spectral triple attached to (Tg , r, k) in Subsection 12.31 is the unique element 
R e satisfying the equation 

Trace (aA"")|^^„ + Trace (aP) = t(ai?), Va G , 

where P is the projection onto the kernel of A. The first term on the left hand 
side of this formula denotes the value at the origin, Ca(0)i of the zeta function 

(^^(s) Trace (aA~*), Re(s) >> 0. 

This function has a holomorphic continuation to C\ {1}, in particular its value 
at the origin is defined {cf. the proof of Proposition 13. 5|) . 

In a similar manner, for the graded case, where the additional data of grading 
7 is involved, the chiral scalar curvature W is the unique element W € A'^ 
which satisfies the equation 

Trace (7aA-")|^^„ ^i{aW), Va e A^. 

Proposition 13.51 will provide the means for finding a local expression for R 
and i?'*'. First we recall the pseudodifferential calculus that we shall use for 
finding these elements. 

3.1 Connes' pseudodifferential operators on T^. 

For a non-negative integer n, the space of differential operators on A^ of order 
at most n is defined to be the vector space of operators of the form 

J2 ^i'^i'^ Ji , J2 > , a J, J, e A^ . 

jl+h<n 

The notion of a differential operator on A'^ can be generalized to the no- 
tion of a pseudodifferential operator using operator valued symbols [7] . In fact 
this is achieved by considering the pseudodifferential calculus associated to C*- 
dynamical systems [HII], for the canonical dynamical system [A"^ ,{as}). In 
the sequel, we shall use the notation di = 82 = 
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Definition 3.1. For an integer n, a smooth map p : — > A'^ is said to be a 
symbol of order n, if for all non-negative integers ii, 12, Ji, J2j 

where c is a constant, and if there exists a smooth map fc : — >■ A"^ such that 
lim A-XAa,A6) = fc(6,6)- 

A—)- 00 

The space of symbols of order n is denoted by Sn ■ 

To a symbol p of order n, one can associate an operator on A^ , denoted by 
Pp, given by 

Pp{a) ^ {2t:)-^ j J e-'^«p(e)as(a) dsd^. 

The operator Pp is said to be a pseudodifferential operator of order n. For 
example, the differential operator X]ji+j,<n "^ii J2'^i^'^2^ associated with the 
symbol J2ji+j-,<n '^ji-j2^i^ ^2^ ^^e above formula. 

Definition 3.2. Two symbols p, p' £ Sk are said to be equivalent if and only if 
p — p' is in Sn for all integers n. The equivalence of the symbols will be denoted 
by pr^ p' . 

The following lemma shows that the space of pseudodifferential operators 
is an algebra and one can find the symbol of the product of pseudodifferential 
operators up to the above equivalence. Also, the adjoint of a pseudodifferential 
operator, with respect to the inner product defined on "Hq in Section [51 is a 
pseudodifferential operator with the symbol given in the following proposition 
up to the equivalence (c/. f7]). 

Proposition 3.3. Let P and Q be pseudodifferential operators with symbols p 
and p' respectively. Then the adjoint P* and the product PQ are pseudodiffer- 
ential operators with the following symbols 

^(p*)- E j^di^di'^i'siHpior, 

Definition 3.4. Let p be a symbol of order n. It is said to be elliptic if p{S,) is 
invertible for ^ 7^ 0, and if there exists a constant c such that 

iip(c)-^ii<c(i + iei)-" 

for sufficiently large |^|. 

For example, the flat Laplacian 5\ + 2tx5i52 + l^pfJl is an elliptic pseudod- 
ifferential operator (c/. [TFl 117]). 
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3.2 Local expression for scalar curvature. 

Here we explain how one can find a local expression for the scalar curvature of 
the noncommutative two torus. This will justify the lengthy computations in 
the following sections. 

Using the Cauchy integral formula, one has 



^/^e-(A-A)-dA (1) 



where C is a curve in the complex plane that goes around the non-negative real 
axis in the clockwise direction without touching it. Similar to the formula in |18] . 
one can approximate the inverse of the operator (A — A) by a pseudodifTerential 
operator Bx whose symbol has an expansion of the form 

6o(^,A) + fei(^,A) + 62(^,A) + --- 

where bj{(,, A) is a symbol of order —2 — j, and 

a{Bx{A-X)) ^ 1. 

Proposition 3.5. The scalar curvature of the ungraded spectral triple attached 
to (Tg,r, fc) is equal to 



1 



e-^62(C,A) dXd^ 



c 



where 62 is defined as above. 

Proof. Using the Mellin transform we have 

A-.— ie-^--Pr-Ut, 

where P denotes the orthogonal projection on Ker(A). Therefore for any a G 
A"^, we have 

1 



aA-^ = — / a{e-'^-Pr-'dt, 

r(s) Jo 

which gives 

1 f°° 

Trace(aA"") = Y{) J (Trace(ae-*^) - Trace(aP))t^"i 

(Trace(ae-*^) - 2 1 {a))^-^ dt. 



r(s) Jo 

Appealing to the Cauchy integral formula ([T]) and using similar arguments to 
those in |18| . one can derive an asymptotic expansion: 

00 

Trace(ae-*^) ~ ^ B2„(a, A) T {t ^ 0). 

71 = 
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Using this asymptotic expansion and the fact that F has a simple pole at with 
residue 1, one can see that the zeta function 

Ca(s) = Trace (aA""), Re(s) >> 0, 

has a meromorphic extension to the whole plane with no pole at 0, and 

Ca(0) =B2(a,A)-2t(a). 

Also one can see that 



where, as above, &2 is the symbol of order —4 in (t{B\). Hence the scalar 
curvature is equal to 



Note that for the purpose of computing the scalar curvature, using a homo- 
geneity argument, one can set A = — 1 and multiply the final answer by —1 (c/. 
[HI [IT])- In the sequel, we will write 62 for 62(^,-1). 

4 Computation of the Scalar Curvature 

Following the recipe given in Subsection 13.21 we compute the two components 
of the scalar curvature for the noncommutative two torus corresponding to the 
Laplacian of the perturbed spectral triple attached to {Tg,T,k). 

4.1 The computations for kd*dk. 

In [17j . it is shown that the symbol of the operator kd*dk, Hhe Laplacian on 
functions' , is equal to a2{0 + + aoiO where 



It is also shown that one can find the terms bj inductively. In fact the equation 





□ 



«2(e) =e?fc2 + |r|2e2'fc' + 2riei6fc', 
ai(0 = 2^ikSi{k) + 2\T\^^2kS2{k) + 2Ti^ikS2{k) + 2Ti6Hi(fc), 
aoiO = kSfik) + \T\^kSlik) + 2riMi(52(fc). 



{bo + bi+b2 + ---)<j{kd*dk+l) = 

(60 + &i + 62 + ■ ■ • )((a2 + 1) + ai + ao) - 1, 
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has a solution where each bj can be chosen to be a symbol of order — 2 — j. In 
fact, treating 1 as a symbol of order 2, we let a'2 = a2 + l,a[ = ai,a'Q = qq. 
Then, the above equation yields 

J,il,l-2>0, ^' ^' 
fc=0,l,2 

By decomposing the latter into terms of order —n, n = 0, 1, 2, . . . , we find 

bo = 4-' = + 1)-' = (Ci'fc' + kpeffc' + 2Tiei6fc' + ir\ 

bi = -{baaiba + di{bo)5i{a2)bo + d2ibo)S2{a2)bo), 

b2 = -{boaobo + biaibo + di{bo)Si{ai)bo + d2{bn)S2{ai)bo + 

di{b,)6i{a2)bo + 92(61)^2(02)60 + {l/2)dn{bo)Sl{a2)bo + 
(1/2)522(60)^1(02)60 + ai2(6o)(5i2(a2)6o). 

After a direct computation, we find a lengthy formula for 62 which we record in 
Appendix [Xj In order to integrate 62 over the ^-plane we pass to the following 
coordinates 

Tl r 
£i=rcos9~r — sin^?, ^2 = — sin0, (2) 

T2 T2 

where 9 ranges from to 27r and r ranges from to cxd. After the integration 
with respect to 9, up to a factor of which is the Jacobian of the change of 
variables, one gets 

4\T\^Trr^blPS2{k)blk^S2{k)bok + Armr^ie 52{k)blk'^ 5i{k)bok 
+ A\T\'^Tir%lk'^52{k)blk^52{k)bo + ATnTr%lk'^62{k)blk^6i{k)bo 
+ 4TnTr%ieSi{k)blk^S2{k)bak + A7rr%Pdi{k)blk^Si{k)bok 
+ 4Tinr%lPSiik)blk^62ik)bo + 4nr^blk^Si{k)blk'^6i{k)bo 
+ 4\T\^TTr^blk^S2{k)blPd2ik)bok + ArnrrHlk^ 52{k)blk'^ 5i{k)bok 
+ A\T\'^TTr%lk^52{k)blk^52{k)bo + ATnTr%lk^52{k)blk'^5i{k)bo 
+ ATnTr%lk^6i{k)bie52{k)bok + ATrr%lk^6i{k)blk'^5i{k)bok 
+ ATnTr%lk^6i{k)blk^52{k)bo + Anr^lk^ 5i{k)blk^ 5i{k)bo 
+ 8|r|27rr6&3fc%(fc)6ofc(52(fc)6ofc + 8Ti7rr6&3fc%(fc)6ofc5i(fc)6ofc 
+ 8|r|27rr6&3fc%(fc)6ofc2j2(fc)6o + ^TnTr%lk^52{k)boe5i{k)bo 
+ d,TnTr%lk^5i{k)bok52{k)bok + %TTr%lk^5i{k)bok5i{k)bok 
+ 8Ti7rr6&3fc%(fc)&ofc^52(fc)6o + 87rr6&3fc%(fc)6ofc^5i(fc)6o 
+ 8|r|27rr6&3fc552(fc)6o^2(fc)6ofc + STnTr^lk"^ 52{k)bo5i{k)bok 
+ 8|r|27rr663fc5(52(fc)6ofc(52(fc)6o + %Tn:r%lk'^ 52lk)bQk5i{k)bo 
+ STiTTr%lk'^6i{k)bo52{k)bok + STTr%lk^5i{k)bn5i{k)bQk 
+ STiTTr%lk'^5i{k)bok62{k)bo + STTr%lk^5i{k)bok5i{k)bo 

- 4\T\^T:r%k62ik)blP62ik)bok - ATnrr%ok62ik)blP6iik)bok 

- 4\T\^T:r%okS2{k)blk^S2{k)ba - 4Tnrr^bokS2ik)blk^Si{k)ba 
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- 4TnTr%kSi{k)blk'^S2{k)bok - 'iTTr%Qk5i{k)blk'^5i{k)bok 

- 4Tnrr%okSi{k)blk^S2{k)ba - AT:r'^bokdi{k)blPdi{k)bo 

- 8\T\^TTr^blk^S2ik)bok52{k)bok - ^Tiiir^lk'^ 52{k)bQk5i{k)bok 

- l2\T\^TTr%lk'^52{k)bok^52{k)bo - 12Tnrr%lk^S2{k)bok^Si{k)bQ 

- 8TiTTrHlk^Siik)bokS2ik)bok - ^nr'^blP 5i{k)bok5i{k)bok 

- l2Tnrr%lP6i{k)boP62{k)bo - 12TTr%lPSi{k)boP6i{k)bo 

- l2\T\^Trr'^blk^S2{k)bQ52{k)bok - 12Tn:r'^blk^S2{k)boSi{k)bok 

- l6\T\^Trr'^blk^S2{k)bokS2{k)bo - 16Tn:r'^blk^S2{k)bokSi{k)bo 

- l2TnrrHlk^6i{k)boS2{k)bok - Uirr^lk^ 5i{k)bo5i{k)bQk 

- \&TnTr%lk^5i{k)bok52{k)bo - IQirr^lk^ 5i\k)bok5i{k)bQ 

- 4Trr%lk^Sl{k)bok - A\T\^nr'^blk^5j{k)bok - 8Tnrr'^blk^SiS2ik)bok 

- 8|r|27rr4&3fc4<52(fc)25o - 8TnTr%lk'^d2{k)diik)bo - 8TnTr%lk^5i{k)62{k)bQ 

- S-KT^lk^Siikfbo - ATTr%lk^5l{k)bQ - A\T\'^Tir%lk^5l{k)bQ 

- 8TnTrHlk^5i52{k)bo + 'i\T\^7rr^ok52{k)boS2ik)bok 

+ ATnrr^bokd2ik)bo5i{k)bok + 8\T\^TTr'^bokS2ik)bokS2ik)bo 

+ 8TiTrr'^bokd2ik)bokSi{k)bo + ATiTrr'^bokSi{k)boS2ik)bok 

+ iTrr'^bokSi{k)bo6i{k)bok + 8TiTTr'^bokSi{k)bokS2{k)bo 

+ 8TTr'^bokSi{k)bokSi{k)bo + 27rr^lk^Sl{k)bok + 2\T\^TrrHlPdj{k)bok 

+ ATnTr%ie5i52{k)bQk + 8\T\'^T:r%lk'^62{kfba + 8Tn:r%lk'^62{k)5i{k)bQ 

+ 8TnrrHlk^Si{k)S2{k)bo + 8TTr%lP 5i{kfbo + QTTr'^blk^5l{k)bo 

+ &\T\'^TTrHlk^5l{k)bo + 12TnTr'^blk^5i52{k)bo - 2TTbok6l{k)bo 

- 2|T|27r6ofc(5|(fc)6o - 4Ti7rfeoHi(52(fc)&o 

where 

bo = (r2fc2 + l)-i. 

Since we are in the noncommutative case, where bo = (r^fc^ + l)~^ and Sj{k), j = 
1, 2, do not necessarily commute, for the computation of • rdr of these terms, 
we need to use the modular automorphism A to permute k with elements of 
A"^. In the next two subsections we explain how this calculation is performed 
for the above types of terms. 

4.1.1 Terms with two factors of the form 6q, i > 1. 

These are the following terms: 

~ATTr%lk^Sl{k)bok - 4\T\'^7rr%lk^S^{k)bok ~ 8TnTr%k^5i52{k)bok 

- 8|T|27rr4&3fc%(fc)26o - 8ri7rr4&3fc%(fc)5i(fc)6o ~ 8TnTr%lk^5i{k)82{k)bo 

- 8TTr%lk^5i{kfbo - ATTr%k^ 5l{k)bo - A\T\'^TTr%lk^5l{k)bo 

- 8TnTr%lk^5i52{k)bo + 2Trr%lP Sl{k)bok + 2\T\^Trr^bieS^{k)bok 

+ ATnTr%ie5i52{k)bok + 8\T\'^T:r%lk'^62{kfbo + 8Tn:r%lk'^52{k)5i{k)bo 

+ 8T^TTr%ie5i{k)52{k)bo + 8TTr%lP 5i{kfbo + QTTr'^blk^5l{k)bo 

+ 6|T|27rr2fe2fc3j2(;,)^^_^^2Ti7rr26§fc35i52(A:)6o-27r&oM?(fc)6o-2|T|27r6oM2(fc)&o 

- 4Ti7r6ofc<5i(52(fc)&o- 

The computation of • rdr of these terms is achieved by the following 
lemma of Connes and Tretkoff proved in |16) . 
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Lemma 4.1. For any p G A'^ and every non-negative integer m, one has 

where 'D„i = (A), A is the modular automorphism introduced in Section\^ 
and Cm is the modified logarithm: 

f°° a;™ 1 

= {-iriu - l)-('"+i)(log7/ - . > ). 

Using this lemma, one can see that • rdr of the above terms, up to an 
overall factor of tt, is equal to 

-22?2Ai/2(fc-i52(fc)) _ 2|r|2l?2Ai/2(fc-iJ|(fc)) - 4Ti2?2Al/2(fc-Mi(52(fc)) 

- 4|T|22?2(fc-252(fc)2) - 4TMk-^S2{k)Siik)) ~ 4tiI?2 (fc-'-^i (fc)(52 (fc) ) 

- 4p2(fc-''5i(fc)') - 2V2ik-^Slik)) - 2|T|2l?2(fc-i<5|(fc)) - 4TiI?2(fc-''5i52(fc)) 
+ 2?iAi/2(fc-i,5?(fc)) + |T|2l?iAi/2(fc-M|(fc)) + 2TiI?iAi/2(fc-i,5i52(fc)) 

+ 4|T|2l?i(fc-2,52(fc)') + 4TiI?i(fc-252(fc)(5i(fc)) + 4ril?i (fc-2,5i (fc)^2 (fc) ) 

+ AViik-^iikf) + iVi{k-Hl{k)) + 3|T|22?i(fc-i<52(/c)) + 6TiI?i(fc-i(5i52(fc)) 

- I?o(fc-''52(fc)) - \T\^Vo{k-Hl{k)) - 2TMk-'SMk))- 

Hence, up to an overall factor of vr, • rdr of the terms with two positive 
powers of &o is equal to 

/i(A)(fc-M?(fc)) + /2(A)(fc-2Ji(fc)2) 
+ |T|Vi(A)(fc-^52(fc)) + |r|V2(A)(fc-2^2(fc)') 
+ Ti/i(A)(fc-i<5iJ2(fc)) + ri/2(A)(fc-25i(fc)52(fc)) 
+ ri/i(A)(fc-i<52<5i(fc))+Ti/2(A)(fc-2j2(/=)(5i(A)), (3) 



where 



fi{u) ■= -2C2{u)u^'^ -2C2{u)+ Ci{u)u^'^ + ?,Ci{u)^ Ca{u) 

_ Ml/2(2-2M+(l+M)l0gu) 
(-1+^1/2)3(1+^1/2)2 ' 



(4) 



and 



/2(.) -4£2(.) +4£,(.) . 2^i±4-^. (5) 

(—1 + uy^ 



4.1.2 Terms with three factors of the form 6q, i>l. 
These terms are the following: 



14 



4\T\^Trr^blk'^52{k)blk^52{k)bQk + ^mrr^lk'^ 52{k)hlk^ 5i{k)hfik 
+ 4\T\'^Tir%lk'^52{k)hlk^52{k)ho + ATnTr%lk'^52(k)blk^5i{k)ho 
+ ATnrr%lPSiik)blk^S2ik)bok + ATTr%lk'^5i{k)blk^6i{k)bok 
+ ATnTr%ieSi{k)blk'^S2{k)bo + 47rr%lk^5i{k)blk'^Si{k)bo 
+ A\T\^T:r'^blk^S2ik)blk^S2ik)bok + ATnir^blk^52{k)blk'^5i{k)bok 
+ 'i\T\'^T:r%lk^52{k)blk^52{k)bQ + ATn:r%lk^52{k)blk'^Si{k)bo 
+ ATnrr%lPSi{k)blk^S2ik)bok + 47rr%lk^di{k)blPSi{k)bok 
+ ATiTTr%lk^5i{k)blk^52{k)bo + ATTr%lk^5i{k)blk^5i{k)bo 
+ 8\T\^Trr^blk^S2{k)bokS2{k)bok + 8TnTr%lk^S2{k)bokSi{k)bok 

+ 8|r|27rr6&3fc%(fc)6ofc^^2(fc)6o + 8Tn:r'^blk'^S2{k)boPSiik)bo 
+ 8Tnrr%lk^Siik)bok62ik)bok + 8T:r%lk'^5i{k)bak5i{k)bQk 
+ 8TnTr%lk^6i{k)bok'^62{k)bo + 87rr%lk'^Si{k)boP6i{k)bo 
+ 8\T\^T:r^blk^S2{k)bo62{k)bok + 8TnTr%lk^d2ik)bo6i{k)bok 
+ 8\T\^T:r^blk^S2{k)bokS2ik)b„ + 8Tnrr%lk^S2{k)bokSi{k)ba 
+ 8Ti'Kr%lk^Si{k)bo62{k)bok + 87:r^blk^Si{k)boSi{k)bQk 
+ 8Ti7rr%lk^Siik)bok52ik)bo + 8TTr^blk^5i{k)bokSiik)bo 

- A\T\^T:r%k52{k)blk^S2{k)bok - ATnrr^bokS2{k)blPSi{k)bok 

- 'l\T\^T:r'^bokS2{k)blk^S2lk)bo - 'lTnrr^bokS2{k)blk^6i{k)bo 

- ATnrr%okSi{k)blk^S2{k)bok - AT:r%kSi{k)blk^Si{k)bok 

- ATiTrr%okSi{k)blk^52{k)bo - ATTr%Qk5i{k)blk^6i{k)bo 

- 8\T\^Trr%eS2{k)bokS2{k)bok - 8TnTr%ieS2{k)bokSi{k)bok 

- 12\T\^TTrHlk^62ik)bok^S2ik)bo - l2Tnrr%lk^S2ik)bok^6i{k)bo 

- 8TnrrHlk^Si{k)bok52{k)bok - 8TTr%P6i{k)bQkdiik)bok 

- 12Tn:rHlk^di{k)bok^d2ik)bo - l2Trr%lk'^Si{k)boPSiik)bo 

- 12\T\^T:r%k^62{k)boS2{k)bok ~ l2TiT:r%k^S2ik)baSi{k)bok 

- 16\T\^Trr^lk^d2{k)bokd2ik)bo - lQTnTr%lk^62{k)bok5i(k)bo 

- 12TnTr%k^Siik)boS2{k)bok - 12TTr%k^Si{k)boSi{k)bok 

- 16Tn:r%k^di{k)bokS2{k)bo - 16TTr%lk^di{k)bokSi{k)bo 
+ 4|Tp7rr2&ofc52(fc)&o<52(fc)&ofc + 'iTiTTr^bokS2{k)bo6i{k)bok 
+ 8\T\^T:r^bok62{k)bokd2ik)bo + 8TiT:r^bokd2{k)bokSi{k)bQ 
+ ATiTrr'^bokSi{k)bQS2{k)bok + 4Trr'^bokSi{k)boSi{k)bok 

+ 8TiTrr'^bokSilk)bokS2{k)bo + 8Trr^bok5i{k)bnkSi{k)bo. 



For computing • rdr of these terms we will use the following lemma 
which two variable modified logarithm functions appear. This lemma can 
proved along the same lines as in [T6| . 

Lemma 4.2. For any p, p' £ A'^ and positive integers m, m' , we have 



f 

Jo 



(k^u+l) 



P 




du = Vm,ni'{^{l), ^{2)){PP'), 



where the function I?m,m' is defined by 



X' 



.'-1 



'Dra,ra'{u,v) = 



+ 1)™ {x + 1)™' XV + I 



dx 
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and A(i) and A(2) respectively denote the action of A on the first and second 
factor of the product. 

Proof. Using the change of variable s = \ogu + h, we have: 

-P 77^ 7^ — -, p't^ 7 du 



/•OO 


1 


Jo 




pOO 


1 


' — OO 




POO 


1 


' —OO 


(e* + 1)™ 


POO 


1 


' — OO 





gs(m+m -1)^2 ^-2 

(e'* + 1)"* e« + 1 ^ 

pS(m+m'-l/2) „s/2 

P^T Tv^A-i/2(p')^-r 

(e'^ + l)™ ^ '^e« + l 

gS(m+m'-l/2) 



/OO 2 gs(m+m' — 1/2) roo ^its 

(e« + I)'" ^ (e« + 1)™' e'^* + e"'^* ^ ^ {p)dtds 

= / 7 ^P^T , , ^, ^ A-l/2( 

J_oo(e" + l)" (e*' + l)"' e^+iog^ + l 

/•OO g«(m/2+m'-l/2) g(s+logA)/2 

/OO ™ /.OO it.s _s(m/2+m'-l/2) 
TT / , , dt^ A™/2 (p) ^- X 

-oo/Jfi-oo e^*^ +e-^*^- ' ^'^^ + 

g(s+logA)/2 

-A-i/2(p')ds 



OO /"OO 



gS+logA ^ 1 

OO ^-jsEJLi*j+™/2^^^gisE7Lit 



dt\-- ■ dtjn X 



(g. + l)m' e«+i°s^ + l^ '^'(P')t^s 



OOt/— OO t/ — OO 1 ij 

,s(m/2+m'-l/2) (s+logA)/2 



.OO .OO .OO A. ''^^"='*'e'''^r=i*i 



gS(TO/2+m'-l/2) g(s+logA(2))/2 



(gs ^ l)m' gS+logA(2) ^ 1 
foo gTO(s-logA(i))/2 gs(m/2+m'-l/2) g(s+log A(2))/2 



ds (A™/2(p)A-l/2(^')) 



/■OO gTO(s-logA(i))/2 gS(m/2+m -1/2; g(s+log A(2))/2 

= (gs-iog A(i) ^ (e« + 1)™' e«+i°s ^(^) + 1 ^^"^ '^^^^ ' '^^'''^ 
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/ 

Jo 




X 



ds (A™/2(p)A-i/2(p')) 



'o + 1)™ {x + 1)™' a;A(2) + 1 



□ 



In this paper, we only need these cases for our computations: 



Vi,i{u,v) = ((-l + v)log[l/«]-(-l + l/ix)logH)/ 



2'2,2(u, v) = {u{{-l + v){{-l + l/u){l/u -v){l + \lv? - (1 + \lu)v) + 
((-1 + 3/w - 2v){-\ + v) log[l/w])/«) - ((-1 + Xjuf \og\v\)lu))l 
{X-l + \luf{\lu-v)\-\ + vf); 

T^\,2{u,v) = ((-1 + w)2 log[l/u] + (-1 + 1/m)((1/m - v){-l + v)- 
(-1 + 1/u) logM))/((-l + l/uf{l/u - v){-l + vf); 

V2,i{u,v) = (w((-l + u)((-l + l/M)(l/u-t;) + ((l-2/u + t>)log[l/u])/ 



u) + ((-1 + l/uf logH)/zi))/((-l + l/ufil/u - v)\-l + v))-, 



V3,i{u,v) = {u'^{{-l + v){{-l + l/u){l/u-v){h/u'^ + v-{^{l + v))/u)- 
{2{\ + 3/^2 + « + _ (3(1 + v))/u) l0g[l/u])/u2) + 

(2(-l + l/uf logM)/«2))/(2(-l + lluf{l/u - vf{-l + v)). 



Using this lemma, • rdr of the terms hsted in the beginning of this sub- 
section, up to an overall factor of tt, is equal to 



2I)2,2(A(i),A(2))(A-i(<5i(fc)fc-i)Ai/2(fc-i5,(A:))) 
+ 2P2,2(A(1), A(2))(A-i(,5i(fc)fc-i)(fc-i(5i(fc))) 
+ 2P2,2(A(1), A(2))(A-3/2(^i(fc)fc-i)AV2(fc-i<5i(fc))) 
+ 2p2,2(A(i),A(2))(A-3/2(<5i(A:)fc-i)(fc-i<5i(fc))) 
+ 42?3,i(A(i),A(2))(A-2(5i(fc)fc-i)Ai/2(fc-i<5i(fc))) 
+ 4p3,i(A(i),A(2))(A-2(<5i(A;)A;-i)(fc-Mi(/e))) 
+ 4©3,i(A(i),A(2))(A-5/2(5i(/c)fc-i)Ai/2(fc-i5i(/e))) 
+ 47?3.i(A(i), A(2))(A-5/2(j^(fc)fc-i)(fc-i^^(fc))) 

- 2Pi,2(A(i), A(2))(A-i/2(^,(fc)fc-i)Ai/2(fc-i<5i(fc))) 
-2Di,2(A(i),A(2))(A-i/2(<5i(fc)fc-i)(fc-i,5i(fc))) 
-4p2,i(A(i),A(2))(A-i(5i(fc)fc-i)Ai/2(fc-i<5i(fc))) 

- 6D2,i (A(i) , A(2))(A-i (<5i (A;)A;-i) (fc-i^i (fc))) 



((_l + l/^)(_l+^;)(_(l/«)+^)); 
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- 6r»2,i 


(A 


1),A(2) 


)(A-3/2(5i 


fc)fc-i)Ai/2(fc-i5i(fc))) 


- 8I?2,1 


(A 


1),A(2) 


)(A-3/2(5^ 


fc)fc-l)(fc-l5i(fc))) 


+ 2I?i,i 


(A 


1),A(2) 


)(A-i/2(,5i 


fc)fc-l)Al/2(yfc-l^,(fc))) 


+ 4Di,i 


(A 


1),A(2) 


)(A-V2(5i( 




+ |Tp(2p2 


ofAfii, 


A(2))(A-i 


[52(fc)fc-i)AV2(fc-i52(/e))) 


_l_ 97^^ ^ 

■^-'-^2,2 


fA 


IN A/nN 
1) ! ^(2) 




)fc-l)(fc-M2(fc))) 


+ 2I?2,2 


(A 


A 


' (^02 




+ 2P2,2 


(A 


1)' ^(2) 


V"2 


K)K )\K 02[K))) 


+ 4I?3,1 


(A 


!)■ ^(2) 


VA-2/'v /I, 
)(L1 (02(K 

)(A-2(52(fc 


)K )l\ ' [K 02{K))) 

)fc-i)(fc-i(52(fc))) 


+ 4I?3,1 


(A 


1)' A(2) 


+ 4I?3,1 


(A 


1),A(2) 


)(A-5/2(52 


fc)fc-i)Ai/2(A;-^(52(fc))) 

fc)fc-l)(fc-M2(fc))) 


+ 4D3,i 


(A 


1),A(2) 


)(A-5/2(52( 


- 22?i,2 


(A 


!)■ A(2) 


)(A 


k)k '-)A'-'^{k ^()2(fc))) 


- 2I?i,2 


(A 


1), A(2) 


)(A ^/^(d2 


k)k ^)(fc M2(fc))) 


- 4I?2,1 


(A 


A 

1)' A(2) 


)(A ^(()2(«; 

V A — l/A„^t 


\j— l^Al/2/^— Ijc t' 1 \ \\ 

)k )A'-'^[k 02[k)j) 

)K )[K 02(K))) 


- 6D2,i 


(A 


. A , . 
l)i ^(2) 


- 6I?2,1 


(A 


A 

1)' ^(2) 




fc)fc-l)Al/2(fc-l52(fc))) 


- 82?2,i 


(A 


A 

1)' A(2) 


)(A ■-^'^[62 


k)k '-)[k 02(fc))) 


+ 22?i,i 


(A 


A 

1)' A(2) 


\/A— 1/2/x 

)(A ^'^(02 


l\Al/2/7— 1? /7^\^ 

k)k jA^'^(A; c)2(k))) 


+ 4Di,i 


(A 


1),A(2) 


)(A-l/2(52( 


k)k-^){k-'52{k)))) 


+ ri(2I?2,2 


(A(i),^ 


i(2))(A-H^ 


i(fc)fc-i)Ai/2(A;-i(52(fc))) 


+ 2^2,2 


(A 


1) ; '-*(2) 




)fc-l)(fc-l52(/c))) 


+ 2P2,2 


(A 


^ A , , 
1)' ^(2) 


VA-3/2/'A 




+ 2I?2,2 


(A 


1)' ^(2) 


VA-3/2a, 


fc)fc-i)(fc-i(52(fc))) 


+ 4I?3,1 


(A 


, A , 




j/C JZA ' (K 02\K) ) ) 

)k~'^)(k~'^6-,(k))) 


+ 4D3,i 


(A 


1) ? (2) 


)fA-2f5i ffc 


+ 4P3,1 


(A 


1) : (2) 


HA-5/2f5i 


fc)fc-i)Ai/2ffc-i(59ffc))) 


+ 4I?3,1 


(A 


1) : ^(2) 


)(A-5/2(^l 


k)k-^){k'H2{k))) 


- 2I?i,2 


(A 


N A , , 

1)' ^(2) 


VA-l/2rA 


f£)K )Ll ' \^tv 02[n^))} 


- 2Di,2 


(A 


, A , ^ 

1)' ^(2) 


W A -l/2/'r 


K)K ){K 02\K))) 


- 42?2,i 


(A 


1) ^ ^(2) 


ua-VAi Cfc 

/ \ ^ — ^ V -L V 

)(A-i((5i(A; 


lfc~l')Al/2('i,-ix 

)k-^){k-H2{k))) 


- 6I?2,1 


(A 


1),A(2) 


- 6D2,i 


(A 


1),A(2) 


)(A-3/2(5i( 


fc)fc-l)AV2(A;-l52(fc))) 

fc)fc-i)(fc-i<52(A:))) 


- 8I?2,1 


(A 


1),A(2) 


)(A-3/2(5i 


+ 22?i,i 


(A 


1),A(2) 


)(A^l/2(^^ 


fc)fc-l)Al/2(fc-l52(fc))) 


+ 4Pi,i 


(A 


1),A(2) 


)(A-i/2(^^ 


fc)fc-i)(fc-iJ2(A:))) 


+ 2D2,2 


(A 


1),A(2) 


)(A-i(^2(fc 
)(A-i(^2(fc 


)yfc-i)Ai/2(fc-i5i(fc))) 
)fc-i)(fc-Mi(fc))) 


+ 2r»2,2 


(A 


1),A(2) 


+ 2I?2,2 


(A 


1),A(2) 


)(A-3/2(52 


fc)fc-i)Ai/2(fe-i5,(fc))) 


+ 2D2,2 


(A 


1),A(2) 


)(A-3/2(,52 


fc)fc-i)(A;-Mi(A;))) 
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+ *^3,1 


(' A , ^ 
1^(1) 


' ^(2) 


V A" 


[02[K)K )L\ {K Oi{K))) 

-^{52{k)k-^){k-^5i{k))) 


+ 4I?3,i 


(A(i) 




)(A" 


+ 41)3,1 


(A(i) 


,A(2) 


)(A- 


-5/2(^2(fc)fc-l)Al/2(fc-lJ,(fc))) 


+ 42)3,1 


(A(i) 


,A(2) 


)(A- 


-'V2(^2(fc)fc-l)(fc-l^l(fc))) 


- 22)i,2 


(A(i) 


,A(2) 


)(A- 


-l/2(^2(fc)fc-l)Al/2(fc-Mi(fc))) 


- 22)i,2 


(A(i) 


,A(2) 


)(A- 


-V2(^2(fc)fc-l)(fc-Mi(fc))) 


- 42)2,1 


(A(i) 


,A(2) 


)(A^ 


^i((52(fc)fc-i)Ai/2(fc-i,5i(fc))) 
-i(<52(fc)fc-i)(fc-i5i(fc))) 


- 62)2,1 


(A(i) 


,A(2) 


)(A- 


- 62)2,1 


(A(i) 


,A(2) 


)(A- 


-3/2(,52(fc)fc-i)Ai/2(A:-Mi(fc))) 


- 82)2,1 


(A(i) 


,A(2) 


)(A- 


~3/2(52(fc)fc-l)(fc-Mi(fc))) 


+ 22)1,1 


(A(i) 


,A(2) 


)(A- 


-l/2(52(fc)fc-l)Al/2(fc-l5,(fc))) 


+ 42)i,i 


(A(i) 


,A(2) 


)(A- 


-V2(52(fc)fc-l)(fc-l5l(fc)))). 



Putting together the latter terms with the ones obtained in ([3]), up to an 
overall factor of tt, we find the following expression 



/i(A)(fc-i5?(fc)) + /2(A)(fc-25i(fc)2) 

+ ^^(A(i),A(2))((5i(fc)fc-i)(fc-Mi(fc))) 

+ \r\^h{/\){k-Hl{k)) + \t\^ hmk-H^ikf) 

+ |t|2f(A(i), A(2))((52(fc)fc-i)(fc-i52(fc))) 

+ ri/i(A)(fc-Mi^2(fc)) + Ti/2(A)(fc-25i(fc),52(fc)) 

+ TiF(A(i), A(2))((5i(fc)fc-i)(fc-i,52(fc))) 

+ ri/i(A)(fc-M2(5i(fc)) + Ti/2(A)(fc-252(fc)5i(fc)) 

+ riF(A(i),A(2))((52(fc)fc-i)(fc-i,5i(fc))), (6) 

where as given by the formulas ^ and ^ we have 

, , mV2(2^2m + (1 + m) logu) 

•'1^''^- (_^^yl/2)3(l+yl/2)2 ' 

-l + u2-2ulogM 
/2(w) = 2 , .3 , 

2V2,2{u,v)u-^v^''^ + 2V2,2(u,v)u-^ + 22)2,2(w,w)u"^^^f^/^ 
+22)2.2(u, v)u-'^/'^ + 42)3a(u, i;)u~2t;i/2 _,_ 4X>3 ^(m, v)m-2 
+42)34(1*, _^ 4X>3^^(m^ - 22)i,2(u, 

-22)i,2(m,w)u"^/^ - 42)2,1 - 62)2,i(u,w)u"^ 

-62)2,i(m, - 82)2,i(w, + 22)i,i(u, w)^-^/^^^/^ 

+42)i,i(w,w)m-i/2 



and 

F{u,v) := 
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= (2u(-(((-l + uv){l + v^(-l -^-{-2 + ^/Ti + u)v + uv^/^)))/ 

((-1 + ^A^)(-l + Vw))) + -\/^ + u + u(-2 - x/^ + 2m)Vw 

+ ^/^ + u)v + u5/2„3/2) logM)/((-l + V^)2(l + ^i)) + - 
- + + + + w) + Vw(-2 + + 2w))) log w)/ 

Note that in ([6]), A(i), i=l,2, signifies the action of A on the i-th factor of 
the product. 

4.2 The computations for d*k'^d. 

In order to compute the second component of the scalar curvature correspond- 
ing to d*k^d, 'the Laplacian on (1, 0)-/orms', we first find the symbol of this 
operator: 

Lemma 4.3. The symbol of d*k^d is equal to C2{£,) +ci(C) where 



Proof. It follows easily from the composition rule explained in Proposition 13.31 
and the fact that the symbols of d* , left multiplication by fc^ , and d are equal 



Following the same method as in Subsection 14. 11 after a direct computation 
the corresponding 62 term for the second half of the Laplacian A, namely d*k^d, 
is also given by a lengthy formula which is recorded in Appendix [BJ It is 
interesting to note that unlike the corresponding term for the first half, we have 
now terms with complex coefficient i in front. 

To integrate the second 62 over the ^-plane we use the change of variables 
([7]), namely we let 



where 9 ranges from to 2tt and r ranges from to 00. 

After the integration with respect to 6*, up to a factor of which is the 
Jacobian of the change of variables, one gets 



4\T\^Trr^blk^S2{k)blk^S2{k)bok + 4TiTrr%lPS2{k)blk^Si{k)bok + 
4\T\^TTr%lkH2{k)blk^S2{k)bo + ATnTr%ieS2{k)blk^Si{k)bo + 
ATnTr%lk'^5i{k)blk'^62{k)bok + AiirHlk'^ 5i{k)blk^ 5i{k)bok + 
4TnTr^blk^Si{k)blk'^d2{k)bo + ATTr%lk'^5i{k)blk^6i{k)bo + 
^T\'^TTr^blk^52{k)blk'^52{k)bak + 4:Ti7rr^blk^S2ik)blk^6i{k)bak + 
4|T|27rr662fc3^2(fc)6gfc352(fc)6o +4Ti7rr6&2fc3j2(fc)&2fc3^i(fc)6o + 
4Tn:r'^blk^6i{k)blk'^d2{k)bok + 4T:r^blk^Si{k)blk^Si{k)bok + 



C2(0 =e?A:2 + 2Tiei6fc' + |TpC2^', 
ciiO = iSiik') + r52ik^mi + {fSiik') + \Tf62{k'm2. 



to ^1 + r^2, fc^, and ^1 + r^2- 



□ 



^1 = r cos — r — sin 0, 

T2 



r 

6 = — sine, 

T2 
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'iTnTr%lk^Si{k)blk^S2{k)bo + 47rr%lk^Si{k)blk^Si{k)ho + 
S\T\'^7rr'^blk'^S2{k)bokd2{k)bok + STnTr^blk^S2{k)bok6i{k)bok + 
8\T\'^Trr^blk^52{k)bok'^52{k)bo + 9,Ti'Kr%lk^62{k)bok^5i{k)bo + 
S>Tx'Kr%lk^5i{k)bokS2{^)bok + ?>TTr%lk^5i{k)bok5i(k)bok + 
%Tx-Kr%lk^5i{k)bok'^52{k)bo + 8Trr%lk^di{k)bok^6i{k)bo + 
8\T\'^Trr^blk^52{k)boS2{k)bok + 8nnr%lk^S2{k)bo5iik)bok + 
8\T\'^TTr'^blk^S2{k)bok52{k)bo + 8TiT:r^blk^S2{k)bokSi{k)bo + 
8Tnrr%lk'^6i{k)bod2{k)bok + 8TTr'^blk^Si{k)boSi{k)bok + 
8TnTr%lk^Si{k)bokS2ik)bo + 87rr%lk^Si{k)bok5i{k)bo 

- 8\T\'^Trr%lk^52lk)bakS2{k)bok - 8TiTTr%k^S2{k)bokSi{k)bok 

- 8\T\^Trr%lP62{k)boP62{k)bo - 8Tn:r%lk^S2ik)boP6i{k)bo 

- 8Tnrr%lk'^Si{k)bok62ik)bok - 8'jTr%lk'^di{k)bokSiik)bok 

- 8TiTTr%lk^Silk)bak^S2{k)bo - 8Trr%k^Si{k)bak'^Si{k)bo 

- 8\T\^TTr%k^62{k)bo62{k)bok - 8Tnrr%lPd2{k)bodi{k)bok 

- 8,\T\^TTr%k^S2{k)bokS2{k)bo - 8Tnrr^blk^52{k)bokS-i{k)bo 

- 8Ti'Kr%k^5i{k)boS2{k)bok - 87rr%lPSi{k)ba5i{k)bak 

- 8Tnrr%lk^6ilk)bokS2{k)ba - 8TTr^blk^Si{k)bak6i{k)bo 

- 47Tr'^blk'^6lik)bok - 4:\T\^Trr'^blk'^Sj{k)bok 

- 8Tnrr%lk^SiS2ik)bok - 8\T\^TTrHlk^62ik)^ba 

- 8Tnrr%lk'^d2{k)6i{k)bo - 8Tnrr^blk'^di{k)d2{k)bo 

- 8Trr%lk'^6i{kfbo - ^■Kr%k^5l{k)bQ 

- A\T\'^TTr'^blk'^5l{k)bn - 8TnTr%lk^5i52{k)bo 

- 2\T\'^TTr%o52{P)blP62{k)bQk - 2(ri + iT2)Trr%o52{k'^)blk'^ Hk)bok 

- 2\T\'^'Kr%o52{k'^)blk'^52{k)bo - 2{ti + iT2)TTrHo62{k^)blk^Si{k)bo 

- 2(ti - iT2)Trr%Si{k'^)blP62ik)bak - 2TTr%5i{k^)blPSi{k)bok 

- 2(ti - iT2)TTr%oSi{P)blk^d2{k)bo - 2Trr^bo5i{P)blk^Si{k)bo 
-2\T\'^TTr%k'^S2ik^)boS2{k)bok-2{n+iT2)TTr%P62ik'^)bQ6i{k)bok 

- 2\T\^7rr%k^S2{P)bakS2{k)bo - 2(ti + iT2)7:r%PS2{k'^)bak5i{k)bo 

- 2(ri - iT2)7rr%eSi{P)bo62{k)bok - 2TTr%eSi{P)bo6i{k)bok 

- 2(ti - iT2)7rr%k'^SiiP)bokS2{k)bo - 2TTr%k'^Silk'^)bokSi{k)bo 

- 2\T\^Trr'^blk^52{k)bokS2{k^)bo - 2(ti - iT2)7:r%lk'^S2{k)bokSi{k^)bo 

- 2(ti + iT2)7Tr%ieSi{k)bokS2{k^)bQ - 27rr%lk^Si{k)bak6i{k^)bo 

- 2\T\'^TTr'^blk^2{k)boS2{P)ba - 2(ri - iT2)T:r^blk^2{k)bo6i{k'^)bQ 

- 2(ti + iT2)7rr%k''Si{k)boS2{k^)bn - 2TTr%lk^Si{k)bo6i{k'')bo + 
2Trr%lPSl{k)bok + 2\T\^Trr^blk^Sl{k)bak + 

4ti 7rr2 62 fc^Ji ^2 (fc) 60 fc + 4| t| ^Trr^ &2 fc2 ^2 (fc) 2 &o + 
4Tn:r^blk'^S2{k)Si{k)bo + ArnrrHlk'^ 5i{k)52{k)bo + 
ATTr%ieSi{kfbn + 2TTr%lk^5l{k)bQ + 
2\T\'^TTr%lk^5l{k)bo + ATnTr%lk^5i52{k)bQ + 
2\T\^7rr2bQS2ik^)hMk)bak + 2(ri + zr2)^r2feo(^2(fc')&o<^i(fc)&ofc + 
2\T\^Trr^bod2{k^)bok62ik)bo + 2(ri + zT2)nr%oS2ik^)bokSi{k)bo + 
2(ti - iT2)TTrHo5i{k^)bo62{k)bok + 2TTr%oSi{k'')bo5i{k)bok + 
2(ti - iT2)7rr%n5i{k^)bokS2{k)bn + 2TTrHoSi{k'')bokSi{k)bo + 
2TTrHlk^5l{k^)bo + 2\T\^TTr^blk^Sl{k^)bo + 
4Tnrr%ieSiS2{k^)bo + 06o'52(fc')6o<52(fe')6o + 
06o<52(A;2)6o(5i(/c2)6o + OboSi{k^)bo62{k^)bQ + 
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oboSi{k^)boSi{e)bo, 



where 

bo = (r2p + l)-i. 

4.2.1 Terms with two factors of the form 6g, i > 1. 

These are the following terms: 

~'iTTr%lk^Sl{k)bok - A\T\^Trr%lk^S^{k)bok - 8Ti7rr^blk^SiS2{k)hok 

- 8\T\^TTr^blk^62{k)%o - 8Tnrr%lk^S2{k)Si{k)bQ - 8Tnrr%lk^Si{k)S2{k)bo 

- 8'Kr%lk^5i{kfbr) - 4nr%lk'^Sl{k)bo - 4\T\'^T:r'^blk^Sl{k)bo 

- 8TiTTr%lk^Sid2{k)bo + 27rrHlPdl{k)bok + 2\T\^T:r^blPSj{k)bQk + 
4TnTr^blPSiS2{k)bok + A\T\^Trr^bieS2{kfbQ + ATinr%lP82{k)5i{k)bo + 
ATi'Kr%lk'^5i{k)52{k)bo + AT:r%lk'^5i{kfba + 2TTr%lk'^ 5l{k)ba + 
2\T\''TTr''blk^5l{k)bo + '^TnTr'^blk'^5i52{k)bo + 27:rHlPSf{P)ba + 
2\T\''Trr^blk^Si{k^)bQ + ATnrrHlkHid2iP)bo. 

Using Lemma 14.11 • rdr of these terms, up to an overall factor of tt, is 
equal to 

-22?2(Ai/2(fc-i52(fc))) - 2|T|2l?2(AV2(fc-ij2(fc))) _ 4ti2?2 ( A^^' (fc" ^^K^a (fc) ) ) 

- 4|r|22?2(fc-252(fc)2) - 4Ti2?2(fc-'<52(fc)^l(fc)) - 4ril?2 (fc~'<5i (fc)(52 (fc) ) 

- 4p2(A:-2Ji(fc)2) - 2V2{k-^dlik)) - 2|r|22?2(fc-M|(fc)) 

-4Ti2?2(fc-l5i^2(fc))+I?l(Al/2(fc-l52(fc))) + |^|2p^(^l/2(fc-1^2(fc))) 

+ 2TiI?i(Ai/2(fc-Mi52(fc))) + 2|T|2l?i(fc-2^2(fc)2) + 2ti2?i (fc-252 (fc)(5l ) 
+ 2TiVi{k-^5i{k)52{k)) + 2Vi{k-^5i{kf) + 2?i(A:-Mf (fc)) 
+ \T\^V^{k-Hl{k)) + 2TiPi(fc-i,5i(52(fc)) + Vr{k-Hl{k^)) 

+ |T|2pi(fc-2,52(fc2)) + 2TiI?i(fc-2,5i(52(fc2)). 

Therefore, up to an overall factor of tt, the Jp°° • rdr of the terms with two 
factors of powers of 60 is equal to 



where 



5i(A)(fc-M?(fc))+.92(A)(fc-2^i(fc)2) 

+ |rpgi(A)(fc-i52(fc)) + \T\^92mk-H2{kf) 

+ Ti5i(A)(fc-i5i52(fc)) + Ti52(A)(fc-2<5i(fc)52(fc)) 

+ Ti5i(A)(fc-M25i(fc))+Ti.g2(A)(fc-252(fc)5i(fc)), (7) 



31 (m) -2£2(w)w^/2 - 2/:2(w) + 2/:i(ii)Mi/2 _^2£i(m) 

_ -l + U^-2MlogM 

(-1 + ^1/2)3(1+^1/2)2' 

and 



(8) 
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g,{u) := -4£.(«)+4A(«) = 2J4^^-^^. (9) 



4.2.2 Terms with three factors of the form bg, i > 1. 

These are the following terms: 

4\T\^TTr^blPS2{k)blk^S2{k)bok + 'iTnTr^blk^62{k)blk^Si{k)bok + 
A\T\'^Trr'^blPS2{k)blk^S2ik)bo + 'iTnrr%lPd2{k)blk^6i{k)bo + 
ATiTTr%lk'^5i{k)blk^52{k)bok + 47:r'^blP5i{k)blP5i{k)bok + 
4TnTr^blPSi{k)blk^62{k)bo + ATir^blk'^5i{k)blk^5i{k)bo + 
A\T\'^TTr%lk^52{k)blk:^52{k)bok + ATnTr%lk^52{k)blk'^5i{k)bok + 
4|r|27rr662yt3j2(fe)6;^fc^^(52(fc)6o +4Ti7rr6&2fc352(fc)&gfc3(5i(fc)6o + 
4Ti7rr662fc35i(fc)62fc2<52(fc)6oA; + 'iTTr%lk'^5i{k)blk'^6i{k)bok + 
ATnrr%lk^5ilk)blk^52{k)bo + AirrHlk^ 5i{k)blk^ 5i{k)bo + 
8\T\'^Trr^blk^S2{k)bakS2ik)bok + %TiT:r%lk^52{k)b^k6i{k)bok + 
8\T\^Trr^blk^62{k)bok^62{k)bo+8TiTrr^blk^S2ik)bok^6i{k)bo + 
%Ti'Kr%lk^5i{k)bok52{k)bok + 8TTr%lk^5i{k)bok5i{k)bok + 
8TiTTr%lk^5i{k)bnk'^82{k)bo + 8TTr%lk^5i{k)buk'^8i{k)bo + 
8\T\^Trr^blk^d2{k)bo62ik)bok + 8Tnrr^blk'''62{k)boSi{k)bok + 
8\T\'^Trr^blk^62lk)bokd2ik)bo + 8TnTr%lk^ 52lk)bQk5i{k)bo + 
8TiTTr'^blk^Si{k)baS2{k)bak + 8nr%lk^Si{k)boSi{k)bok + 
8Ti7rr663fc5(5i(fc)6ofc(52(fc)feo + 87rr^blk^6i{k)bokSi{k)ba 

- 8\T\'^TTr%k^S2{k)bok62ik)bok - 8Tnrr%k'^S2ik)bok6i{k)bok 

- 8\T\^TTr'^blP52{k)boP52{k)bo - 8Ti7rr%PS2{k)bak^Si{k)bo 

- 8Tnrr%lP5i{k)bokS2{k)bak - 87rr^blPSi{k)bak5i{k)bok 

- 8Tnrr*blk^5i{k)boPS2{k)bo - 87Tr%ie5i{k)boPSi{k)bo 

- 8\T\'^TTr%lk^52{k)bo52{k)bnk - 8TiTir%lk^ 52{k)bo5i{k)bok 

- 8\T\'^TTrHlk^52{k)bok52{k)bn - 8Tnvr%lk^ S2{k)bQk6i{k)bQ 

- 8Tnvr%lk^5i{k)bo62{k)bok - 87:r%lPSi{k)boSi{k)bok 

- 8TnTr%k^5i{k)bokS2{k)bo - 8TTr%lk^ 5i{k)bQk5i{k)bo 

- 2\T\^nr%62ik^)blk'^S2ik)bok - 2(ri + iT2)TTr%oS2ik'^)blk^Si{k)bok 

- 2\T\''7Tr%S2{k^)blk^2{k)bo - 2(ti + iT2)7:r^boS2{k^)blk^i{k)bo 

- 2(ti - iT2)Trr%odi{k^)blk^d2{k)bok - 2nr%Qdi{k^)blk^di{k)bok 

- 2(ti - iT2)7rr%oSi{k^)blk^S2{k)bo - 2Trr%>Si{P)blk^Si{k)bo 

- 2\T\^7:r^blk^52{P)boS2ik)bok - 2(ri + iT2)Trr%P62iP)boSiik)bok 

- 2\T\^TTr%k^S2{k^)bokS2{k)bo - 2(ti + iT2)nr%k'^S2{k'^)bokSi{k)bo 

- 2(ri - iT2)Trr%k'^5i{P)boS2{k)bok - 2TTr%k'^Si{k'^)bo5i{k)bok 

- 2(ti - iT2)7rr%e6iiP)bok62{k)bo - 2Trr%lk^5i{k^)bokSi{k)bo 

- 2\T\^TTr%P52ik)bok62{P)bo - 2(ti - iT2)TTr%P62ik)bok6iiP)bo 

- 2iTi+iT2)Trr%lk^diik)bokS2{P)bo - 2TTr%lk^diik)bokSiiP)bo 

- 2\T\^TTr'^blk^52{k)boS2{P)bo - 2(ti - iT2)7:r%lk^S2{k)boSi{k^)bo 

- 2{n+iT2)Trr%lk^6iik)bo62iP)bo - 2Trr^blk^Si{k)bo5i{P)bo + 
2\T\'^TTr2boS2{k^)boS2{k)bok + 2{n + iT2)TTr^boS2{k^)boSi{k)bok + 
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2|r|27rr26o<52(fc2)6oM2(fc)&o + 2(ri + iT2)Trr^oS2ik^)bokSiik)bo + 
2(ri - iT2)nr^bodi{e)boS2{k)bok + 2TTr%oSi{k^)bnSi{k)bok + 
2(ti - iT2)7rrHoSiik^)bokS2{k)bo + 2nr^boSi{P)bok6i{k)bo + 
OboS2{k'')boS2{k^)bo + OboS2{k^)boSi{k^)bo + 
OboSi{P)boS2{P)bo + OboSiik^)boSi{P)bo. 

Using Lemma 14.21 we compute • rdr of these terms, and the resuh, up 
to an overall factor of tt, is equal to: 

22?2.2(A(i),A(2))(A-i(<5i(fc)fc-i)Ai/2(fc-i5i(fe))) 
+ 2p2,2(A(i), A(2))(A-i(5i(/c)fc-i)(fc-i5i(fc))) 
+ 22)2,2(A(i), A(2))(A-3/2(5i(fc)fc-i)AV2(fc-i5,(fc))) 
+ 22?2,2(A(i), A(2))(A-3/2(Ji(fc)fc-i)(fc-iJi(fc))) 
+ 4I?3,i(A(i), A(2))(A-2(<5i(fc)fc-i)Ai/2(fc-i5i(fc))) 
+ 4p3,i(A(i), A(2))(A-2(<5i(fc)fc-i)(fc-i5i(fc))) 
+ 42?3,i(A(i), A(2))(A-5/2(j,(fc)fc-i)Ai/2(fc-ij,(fc))) 
+ 42?3,i(A(i), A(2))(A-5/2(5i(fc)fc-i)(fc-i^i(fc))) 

- 4I?2.i(A(i), A(2))(A-i(<5i(fc)fc-i)Ai/2(fc-i5i(ft))) 

- 4I?2,i(A(i), A(2))(A-i(,5i(fc)fc-i)(fc-i5i(fc))) 

- 42?2,i(A(i), A(2))(A-3/2(5i(fc)fc-i)Ai/2(fc-i5,(fc))) 

- 42?2,i(A(i), A(2))(A-3/2(5i(fc)fc-i)(A-i5i(fc))) 

- 2?i,2(A(i), A(2))((<5i(fc)fc-i)Ai/2(fc-Mi(fc))) 

- 2?i,2(A(i), A(2))(A-i/2(5,(fc)fc-i)Ai/2(fc-i^,(fc))) 

- I?i,2(A(i), A(2))(A-i/2(5i(fc)fc-i)(fc-i,5i(fc))) 

- 2?i,2(A(i), A(2))((<5i(fc)fc-i)(fc-i<5i(fc))) 

- I?2,i(A(i), A(2))(A-3/2(5i(fc)fc-i)Ai/2(fc-i^i(fc))) 

- I?2,i(A(i), A(2))(A-i(<5i(fc)fc-i)Ai/2(fc-i5i(fc))) 

- I?2,l(A(l), A(2))(A-3/2(5^(fc)fc-l)(fc-l^^(fc))) 

- I?2,i(A(i), A(2))(A-i(5i(fc)fc-i)(fc-i<5i(fc))) 

- I?2,i(A(i), A(2))(A-i(5i(fc)fc-i)(fc-i<5i(fc))) 

- 2?2,i(A(i), A(2))(A-i(^i(fc)fc'i)Ai/2(fc-i^,(fc))) 

- 2?2,i(A(i), A(2))(A-3/2(Ji(fc)fc-i)(fc-i5i(fc))) 

- P2,l(A(i), A(2))(A-3/2(Ji(fc)fc-l)Al/2(fc-l5,(fc))) 

+ Di,i(A(i), A(2))(A-i/2(5,(fc)fc-i)Ai/2(fc-ij,(fc))) 
+ 2?i,i(A(i), A(2))((5i(fc)fc-i)Ai/2(fc-Mi(fc))) 
+ 2?i,i(A(i), A(2))(A-i/2(5,(fc)fc-i)(fc-i,5i(fc))) 
+ 2?i,i(A(i), A(2))((<5i(/c)fc-i)(fc-Mi(fc))) 

+ |r|2(22?2,2(A(i),A(2))(A-i(^2(fc)fc-i)Ai/2(fc-i52(fc))) 
+ 2I?2,2(A(i), A(2))(A-i(,52(fc)fc-i)(fc-i52(fc))) 

+ 2I?2,2(A(i), A(2))(A-3/2(J2(fc)fc-l)Al/2(fc-lJ2(fc))) 
+ 2I?2,2(A(i), A(2))(A-3/2(J2(fc)fc-l)(fc-l52(fc))) 

+ 4I?3,i(A(i), A(2))(A-2(52(fc)fc-i)Ai/2(fc-i52(fc))) 
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+ 4D3,l(A(i),A(2))(A-2(52(fc)fc-l)(fc-M2(fc))) 

+ 4I?3.i(A(i), A(2))(A-5/2(52(fc)fc-i)Ai/2(fc-i52(fc))) 

+ 42?3,i(A(i), A(2))(A-5/2(52(fc)fc-i)(ft-i52(fc))) 

- 4p2,i(A(i), A(2))(A-i(J2(fc)fc^i)Ai/2(fc-i52(A:))) 

- 4p2,i(A(i), A(2))(A-i(<52(fc)fc-^)(fc-M2(fc))) 

- 4P2,1(A(1), A(2))(A-3/2(52(fc)fc-l)AV2(A;-lJ2(/c))) 

- 4D2,i(A(i), A(2))(A-3/2(52(/e)/c-i)(fc-i52(fc))) 

- I?i,2(A(i), A(2))((52(fc)fc-l)AV2(fc-M2(fc))) 

- I?i,2(A(i), A(2))(A-l/2(52(fc)fc-l)Al/2(fc-l52(fc))) 

- I?i,2(A(i), A(2))(A-V2(j2(fc)fc-^)(A;-i^2(A;))) 

- Pi,2(A(i), A(2))((52(fc)fc-l)(fc-l52(fc))) 

- D2,l(A(i), A(2))(A-V2(52(fc)fc-1)AV2(A;-M2(fc))) 

- 2?2,i(A(i), A(2))(A-i('52(^)ft-i)Ai/2(fc-ij2(fc))) 

- 2?2,i(A(i), A(2))(A-3/2(<52(fc)fc-i)(fc-M2(fc))) 

- p2,i(A(i), A(2))(A-i(<52(fc)fc-i)(fc-M2(fc))) 

- I?2,i(A(i), A(2))(A-i(<52(fc)fc-i)(fc-M2(fc))) 

- I?2,i(A(i), A(2))(A-i(52(A;)A;-i)AV2(fc-i52(fc))) 

- P2,1(A(1), A(2))(A-3/2(^2(fc)/c-l)(fc-l,52(fc))) 

- 2?2,i(A(i), A(2))(A-3/2(52(fc)fc-i)Ai/2(fc-i<52(fc))) 
+ 2?i,i(A(i), A(2))(A-i/2(j2(fc)fc-i)Ai/2(fc-i<52(fc))) 

+ I?i,i(A(i), A(2))(((52(fc)A;-i)AV2(fc-i52(A;))) 

+ Pi,i(A(i), A(2))(A-V2(52(/e)fc-i)(fc-i52(fc))) 

+ Pi,i(A(i), A(2))((52(fc)fc-i)(fc-i52(/e)))) 

+ ri(2©2,2(A(i),A(2))(A-i(5i(/e)fc-i)AV2(A;-i^2(fc))) 

+ 22?2,2(A(i), A(2))(A-i((5i(A;)A:'i)(fc-i(52(fc))) 

+ 22?2,2(A(i),A(2))(A-3/2(<5i(fc)fc-l)AV2(fc-1^2(fc))) 

+ 22?2,2(A(i), A(2))(A-3/2(,5i(fc)fc-i)(A;-i52(A;))) 
+ 4I?3,i(A(i), A(2))(A-2(^i(fc)fc-i)AV2(fc-i52(fc))) 
+ 42?3,i(A(i), A(2))(A-2(5i(fc)fc-i)(fc-M2(fc))) 
+ 4I?3,i(A(i), A(2))(A-5/2(5i(fc)fc-i)AV2(fc-M2(fc))) 
+ 42?3,i(A(i), A(2))(A-5/2(5i(fc)fc-i)(A-iJ2(fc))) 

- 4p2,i(A(i), A(2))(A-i(5i(fc)fc-i)Ai/2(fc-i52(fc))) 
-47?2,i(A(i),A(2))(A-i(5i(fc)fc-i)(fc-M2(fc))) 

- 4I?2,i(A(i), A(2))(A-3/2(^i(fc)fc-i)Ai/2(A;-i<52(/c))) 

- 4D2,l(A(i), A(2))(A-3/2(5i(fc)fc-i)(fc-M2(fc))) 

- I?i,2(A(i), A(2))((,5i(fc)fc-l)Al/2(fc-lJ2(fc))) 

- I?i,2(A(i), A(2))(A-l/2(5,(fc)fc-l)Al/2(fc-l52(fc))) 

- I?i,2(A(i), A(2))(A-V2(5,(fc)fc-i)(A;-i52(A;))) 

-Pl,2(A(i),A(2))((5l(fc)fc-l)(fc-l52(fc))) 

- D2,i(A(i), A(2))(A-3/2(5i(fc)fc-i)Ai/2(fc-M2(fc))) 
-2?2,i(A(i),A(2))(A-i(5i(A:)A:-i)AV2(fc-i52(fc))) 
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A--V2(<52(fc)fc-i)(A;-i5i(fc))) 
(52(fc)fc"^)Ai/2(fc-i5i(fc))) 
A-i/2(^2^^^^-i^Ai/2(A;-i5i(A;))) 

A-V2(^2(fc)fc-l)(fc-Mi(fc))) 

(<52(A;)fc-i)(fc-i<5i(fc))) 

A-3/2(52(fc)fc-l)Al/2(fc-Mi(fc))) 

A-i('52(fc)fc"')Ai/2(fc-i,5i(fc))) 
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A--V2(J2(fc)fc-l)(fc-l(5i(fc))) 
A-3/2(^2(fc)fc-l)Al/2(fc-l<5,(fc))) 

A-i/2(j2(A:)fc-i)Ai/2(fc-i(5i(A;))) 

(52(fc)fc-l)AV2(fc-l5l(A;))) 

A-V2(^2(fc)fc-i)(A:-Mi(A;))) 
{52{k)k-'){k-'6i{k)))) 

,A(2))(A-i/2(5,(A:)fc-i)Ai/2(A;-i^2(fc))) 

(,5l(fc)fc-l)Al/2(fc-M2(fc))) 

A-i/2(5i(fc)fc-i)(A;-i52(A;))) 
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(' A 

1^(1) 


A 

' ^(2) 
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' (2) 
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1^(1) 


' (2) 
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' ^(2) 


j(A ' {di{K)k ){k 02{K}}) 


+ ^2,1 


( A 

1^(1) 


A 

' ^(2) 
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A 
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/ 1 \ 1 1\/T It" /J\\\ 

)(((5i(A;)fc ^)(fc M2(fc))) 






, A(2) 


+ 2?1,2 




, A(2) 


\/A 1/9 / C" /T\T 1\a1/9/7— 1r /T\\\ 

)(A ^'^((52(K)fc )A^'^(fc Mi(fc))) 


+ 2?1,2 




' A(2) 


)(((52(fc)fc ^)A^/^(fc Mi(fc))) 


+ 2?1,2 




,A(2) 
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' (2) 
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,A(2) 


)(A-3/2(52(fc)fc-l)(fc-l(5i(fc))) 

)(A-i(52(fc)fc-i)(fc-i'5i(fc))) 
){A-\52{k)k-^){k-H,{k))) 
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(^(1) 
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,A(2) 
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,A(2) 
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(^(1) 


,A(2) 


)(A-l/2(52(fc)fc-l/2)Al/2(fc-l5^(fc))) 
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Putting together the latter with ([7]), up to an overall factor of tt, we get 
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gi(A)(fc-M?(fc))+.92(A)(fc-25i(fc)2) 
+ G(A(i),A(2))((<5i(fc)fc-i)(fc-Mi(fc))) 
+ |rp5i(A)(fc-Mi(fc)) + |rpg2(A)(fc-2j2(fc)2) 
+ |rpG(A(i), A(2))((<52(fc)fc^^)(fc-M2(fc))) 
+ Tigi(A)(fc-i5i52(fc)) + Tig2(A)(fc-2ji(fc)J2(fc)) 
+ TiG(A(i), A(2))((,5i(fc)fc~i)(fc-i<52(fc))) 

+ TiG(A(i),A(2))((,52(fc)fc-i)(fc-i<5i(fc))) 
- *T2i(A(i), A(2))((<5i(fc)fc-i)(fc-i<52(fc))) 

+ *T2i(A(i),A(2))((<52(fc)fc-l)(fc-l<5l(fc))), (10) 

where as given by formulas (|8]) and ([9]): 
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(-l+ul/2)3(l+yl/2)2' 

— 1 + — 2Mlogu 



ff2(w) = 2 / -, , x3 

the function G is defined by 

+2V2,2 (u, v)u-^^^ + 4X'34 (u, v)u-^v^/^ + 4I?3,i (u, w)m-2 
-4X>2,i(",«)""^ -42?2,i(":^')""^^^^^^^^ -42?2,i(w,w)m"^/^ 

-I?1,2(m, - I?1^2(U, V)U~^^^V^/^ ~ I?1,2(U, f 

-Vi.2{u,v)~V2.,l{u,v)u'^^'^V^^^~V2,l{u,v)u'\^^^ 

-I?2,i(W' - 2?2,i(u, - T)2.i{u, v)u~^ 

= + + ww(-4 + m(4 + v))) log(l/u) + (-1 + u) 

((1 + u(-2 + + v){-\ + uu)(l + uv) + (-1 + u)v 

(-1 + ti(-4 + v{A + w))) logw)))/((-l + + + v^)^ 
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and 



L{u,v) := -I?i,2 



(Vm(m(-1 + log(l/it) + (-1 + u){{-l + v){-l + uv) + {v- uv) 
\ogv)))/{{-l + ^AI)2(1 + + + + uv)). 



5 The Scalar Curvature in Terms of log(fc) 

In order to express the scalar curvature of (Tg,T, fc) in terms of logfc we need 
to find some identities that relate k~^di6j{k) and k~'^di{k)'^, for i,j — 1,2, to 
log k. This is carried out in the following lemma. 

Lemma 5.1. Fori,j = 1,2, we have 

A - Ai/2 A^/^ _ 1 

k-%ik)d,ik) = A———{SSogk))———id,i\ogk)). (11) 



log A 



log A 



Also we have 
k-^6^6j{k) 

where 



2^^^ (<5.<5, (log k)) + g( A(i) , A(2) ) {5^ (log fc)<5,(log k)) 
5(A(i),A(2))((5,(logfc)J,(log/c)), 



(12) 



g{u,v) 



{^/uv - 1) log u - {^/u - 1) log(uw) 



log?;logulog(ui') 
and A(i) signifies the action of A on the i-th factor of the product. 

Proof. We note that the following identity from [16 will be used in the proof of 
both identities: 

Ai/2 _ 1 



k-'S,ik) 



log A 



-mogk)). 



First we prove (llip : 

k-^Si{k)dj{k) 



Al/2 _ 1 

k-'2-. ^{S,{\ogk))S,ik) 



= 4 



log A 

A - Ai/2 Ai/2 _ 1 

{S.ilogk))^—^{S,ilogk)). 



log A 



log A 
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To prove P^ . we write 



Jo 



' {S., (log fc))2 ^/' / (5, (log fc) ) 
log A 



2 ('^^'^.(logfc)) 



log A 

5(A(i),A(2))(5,(logfc)(5,(logfc)) + 
5(A(i),A(2))((5i(logfc)5j(logfc)). 



5.1 The terms corresponding to kd*dk. 



□ 



Applying Lemma 15.11 to the local expression (|6]), we can write it in terms of 
logfc as follows: 

Al/2 _ 1 

m = /i(A)(2^^^(5?(logfc))) 

+/i (A) (25( A(i) , A(2) ) (<5i (log k)5, (log fc))) 

A _ Ai/2 - 1 

+/2(A)(4— -— (5i(logfc))— -— (<5i(logfc))) 
log A log A 

+F(A(i),A(2))((-2^^^^(5i(logfc)))(2^^^(Ji(logfc)))) 



Ai/2 _ 1 

+ klVi(A)(2^^^(<52^(logfc))) 

+ |T|2/i(A)(2g(A(i),A(2))((52(logA;)<52(logfc))) 

A-Ai/2 Ai/2 - 1 

+ |r|V2(A)(4— -— (52(logfc))^-— (<52(logfc))) 
log A log A 

A-i/2_i Ai/2_i 
+ |rpF(A(i),A(2))((-2 ^^^^ (^,(logfc)))(2^--^(^2(logfc)))) 
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+ri/i(A)(2 ^/' \ ji^2(logfc))) 
log A 

+ri/i(A)(g(A(i),A(2))((52(logfc)5i(logA;))) 

+ri/i(A)(g(A(i),A(2))((5i(logfc)52(logA;))) 

A-Ai/2 Ai/2-1 
+ri/2(A)(4 ^^^^ (^i(logfc)) ^^^^ (<^2(logfc))) 

+riF(A(i),A(2))((-2^^^^(<5i(logA;)))(2^^^(<52(logfc)))) 



+Ti/i(A)(2 ^'^' \ ^2<5i(logfc))) 
log A 

+TiA(A)(g(A(i),A(2))((Si(logfc)J2(logfc))) 

+Ti A ( A) (g( A(i) , A(2) ) ((52 (log fc)5i (log fc) )) 

A - Ai/2 Ai/2 _ 1 

+ri/2(A)(4 ^^^^ (S2i\ogk))^-^{S,{\ogk))) 

+TiF(A(i),A(2))((-2^^^^1(52(logA;)))(2^^i^(5i(logfc)))). 

Now, writing the latter in terms of log A and considering an overall factor of -1 
(c/. Subsection 13. 2p . up to an overall factor of we obtain the following ex- 
pression for the first component of the scalar curvature of the perturbed spectral 
triple attached to (Tg, r, fc): 

K{\ogA){Sl{\ogk) + \T\HUlogk) + 2TiSiS2{logk)) + 
i/(logA(i),logA(2))((5i(logfc)<5i(logfc) + |r|2,52(logfc)(52(logfc) + 

Ti(5i(logfc)(52(logfc) + Ti52(l0gfc)(5i(l0gfc)), 

where 

X (—1 + e^yx 

and 

s _ s/2 t/2 _ 1 

H{s,t) := -2/l(e^+*)g(e^e*)-4/2(e^+*) 



4F(e^e*) 



i t 



-t{s + t) coshs + s{s + t) coshi — (s — t){s + t + sinhs + sinht — sinh(,s + t)) 
st{s + t) sinh(s/2) sinh(V2) sinh^((s + t) /2) 
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5.2 The terms corresponding to d*k'^d. 

We also apply Lemma [5TT] to the local expression (ITUl) and obtain the following: 



Ai/2 _ 1 

m = gim2^—^{5i(\ogk))) 

+gi(A)(2g(A(i),A(2))(,5i(logA:),5i(logA:))) 

A - Ai/2 Ai/2 - 1 

logA iS,{logk))-^-^{S,{\ogk))) 

+G(A(i),A(2))((~2^^^^(<5i(logfc)))(2^^^(<5i(logA:)))) 



Al/2 _ 1 

+ |r|V(A)(2^^^(<5|(logfc))) 

+ |T|V(A)(2.9(A(i),A(2))((52(logfc)52(logfc))) 

A - A^/^ Ai/2 _ 1 

+ |rpg2(A)(4 (^2(logfc)) (^2(logfc))) 

log A log A 

+ |r|2G(A(i),A(2))((-2^^^^(52(logfc)))(2^^^(52(logfc)))) 



+ri.gi (A) (2 ^ ^1^2 (log fc))) 

log A 

+ri.gi(A)(g(A(i),A(2))(<52(logfc)(5i(logfc))) 

+rigi(A)(.g(A(i),A(2))(<5i(logfc),S2(logfc))) 

A - Ai/2 Ai/2 - 1 

+rig2 ( A) (4— -— (<5i (log fc) ) — -— (<52 (log fc) ) ) 
log A log A 

+riG(A(i),A(2))((-2^^^^(5i(logA:)))(2^^^(J2(logfc)))) 



+rigi(A)(2 ^'^' \ ^2<5i(logfc))) 
log A 

+rigi(A)(g(A(i),A(2))(<5i(logfc),52(logfc))) 

+rigi(A)(g(A(i),A(2))((52(logfc)^i(logfc))) 

A _ Ai/2 - 1 

+ng, (A) (4 (<52 (log fc)) (Ji (log k) ) ) 

log A log A 

+riG(A(i),A(2))((-2^^^^(<52(logfc)))(2^^^(<5i(logfc)))) 
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-zr2L(A(i),A(2))((-2^^^^(<5i(logfc)))(2^^^(<52(logfc)))) 
+zr2L(A(i),A(2))((-2^^^^^(<52(logfc)))(2^^^(<5i(logfc)))). 

Now we write the latter in terms of log A, and after considering an overall 
factor of —1, up to an overall factor of we obtain the following expression for 
the second component of the scalar curvature of the perturbed spectral triple 
attached to (T^, r, k): 

5(log A)((52(iogfc) + \TfSli\ogk) + 2nSiS2{logk)) + 

r(log A(i) , log A(2)) (Ji(log k)6i (log k) + |r|2<52(log k)62{log k) + 

ri5i(logfc)(52(logfc) + ri52(logfc)<5i(logfc)) - 
iT2 VK(log A(i) , log A(2) ) (log k)52 (log k) - 82 (log k)5i (log k)) , 

where 



S{x) :=-25i(e^)- 



X (-1 + 6^/2)2(1+6^/2)22;' 



Tis,t) := -2.gl(e^+*)g(e^e*)-4g2(e^+*) 
4G(e^e*) 



s t 



= -cosh((s + t)/2) X 

— <(s + t) coshs + s{s + t) cosht — {s — t){s + t + sinhs + sinhi — sinh(s + t)) 
st{s + t) sinh(s/2) sinh(i/2) sinh^((s + t) /2) 

and 

e-«/2 _ 1 e*/2 - 1 

Wis,t) +4L(e^e*)^ ^ 

s t 

— t + t cosh s + s cosh < + sinh s + sinh f — sinh(s + t) 
si(sinhs + sinht — sinh(s + t)) 
—s — t + t cosh s + s cosht + sinh s + sinht — sinh(s + t) 
^ st sinh(s/2) sinh(t/2) sinh((s + <)/2) ' 

5.3 The scalar curvature. 

We collect the results of this paper in the following theorems. They are also 
independently proved by Connes and Moscovici in [TS]. Note that in our final 
formulas we have considered an overall minus sign which comes from the change 
of sign initially considered in the Cauchy integral formula ([1]). 
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Theorem 5.2. Let be an irrational number, t a complex number in the upper 
half plane representing the conformal class of a metric on Tg, and k an invertible 
positive element in A'g^ playing the role of the Weyl factor. Then the scalar 
curvature R of the perturbed spectral triple attached to (Tg, r, k), up to an overall 
factor of is equal to 



Ri{logA){dl(\ogk) + \T\^Sii\ogk) + 2nSi62i\ogk)) 
+ i?2(logA(i),logA(2))(^i(logfc)(5i(logfc) + |r|2,52(logfc)^2(logA:) + 

Ti (,5i (log k)S2 (log k) + 62 (log k)Si (log fc)) 

- iW (log A(i) , log A(2) ) (t2 ((Si (log k)S2 (log k) - 62 (log k)6i (log fc)) ) , 

where 

2coth('a;/4l 1 1 _ sinh(a;/2) 

R,{x) K{x) + Six) = - ^ + J = ^ ^ , 

^ ' V ^ W ^ 2sinh2(a;/4) smh^{x/4) 

R2{s,t) -.^ H{s,t)+T{s,t) = -(l + cosh((s + i)/2))x 

—t{s + t) coshs + s(s + t) cosht — (s — i)(s + i + sinhs + sinhi — sinh(s + t)) 
st{s + t) sinli(s/2) sinh(i/2) sinh^((s + t)/2) 

and 

—s — t + t cosh s + s cosh t + sinh ,s + sinh t — sinh(s + t) 
^ ^ st sinh(s/2) sinh(t/2) sinh((s + t)/2) ' 

Theorem 5.3. Assuming the hypotheses of Theorem \5.2\ the chiral scalar cur- 
vature R'^ of the perturbed graded spectral triple attached to {Tg, t, k), up to an 
overall factor of is given by 

Rj{logA){Sl{logk) + \T\HI{\ogk) + 2TiSi62{\ogk)) 
+ i?^(logA(i),logA(2))(^i(logfc)5i(logfc) + |rp<52(logfc)<52(logA:) + 

Ti {5i (log k)S2 (log k) + d2 (log k)di (log fc)) 

+ iW{log A(i) , log A(2)) (t2 ((Si (log fc)(52(log fc) - (S2(log k)Si (log fc)) 



where 



Rjix) :^ K{x) - Six) = ^ + '^^"^("/'^ - ^ 



1 . sinh(2;/2) 



x + a;cosh(a;/2) cosh^(x/4) 

R'^is,t) :^ His,t) ^Tis,t) = -(l-cosh((s + t)/2))x 

— i(s + t) coshs + s(s + t) cosht — (s — t)(s + i + sinhs + sinhi — sinh(s + t)) 
stis + t) sinh(s/2) sinh(t/2) sinh^((s + t)/2) 
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—s — t + t cosh s + s cosh t + sinh ,s + sinh t — sinh(s + t) 
^ ~ stsmh{s/2) sinh(i/2) sinh((s + t)/2) " 

Remark 5.4. We note that the above local expressions R and for the scalar 
curvature of (T^,t, fc), reduce to the scalar curvature of the ordinary two torus 
when 6 = 0. Namely, since 

hm Ei(a;) = 

lim Rj(x) = 1, 
hm R2(s,t)= hm R2(s,t)=0, 

s,t~^0 S 

in the commutative case, the expressions for R and R'^ stated in the above 
theorems, reduce to constant multiples of 

- Sf (log fc) + ^ 51 (log fc) + 2 (52 (log A;) . 

T2 T2 T2 

6 Appendices 

As we mentioned before, after direct computations the 62 terms of the two parts 
of the Laplacian A attached to (T^,t, /c), have quite lengthy formulas which, 
for the convenience of the reader, are recorded here. 



A The 62 term of kd*dk 

The 62 term of the first operator, namely kd*dk, is equal to 

-bok6lik)bo - 2Tibok6iS2{k)bo - \T\^bokd^{k)bo + 
mblkHiikfbo + ^fbieSf{k)bok + ^eiblkHl{k)bo + 
2(,jbokSi{k)boSi{k)bok + 6(,jbQk5i{k)bokSi{k)bo + 
6Ti^fblP6i{k)S2ik)bo + 6Ti^lblPS2ik)Siik)bo + 
2Tieibf,k^SiS2{k)bok + 10Ti^fblk^Si52{k)bo + 
2neibokMk)bQS2{k)bok + 6TieibQkSi{k)bokS2{k)bo + 
2n^fbok62{k)boSi{k)bok + 6Ti^fbokd2{k)bokdi{k)bo + 
l2n^i^2blkHi{k)%^ + 2Tii^^2blkHl{k)bok + 
10Tia6&ofc''^?(fc)feo + 4Tia6&ofc<5i(fc)&o'5i(fc)6ofc + 
l2Tiiii2bok5i{k)b,Mi{k)b^+^rUlbie52{kfb^ + 
ATi^fblkHUk)bo + 4TUlbok62{k)bok62{k)bo + 
ST^^i^2bie6i{k)62{k)bo + 8TUi^2blkH2{k)6i{k)bo + 
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^Tf^iC2bok6i{k)bo52{k)bok + STUii2bok6i{k)bok62{k)bo + 
ATl^i^2hok52{k)bo5i{k)bok + 8T^^i^2bokS2{k)bok5i{k)bo + 
4TUIblk^Si{k)^bo + 4TUIblk^5Uk)bo + 
4TUibokSi{k)bokSi{k)bo + 21x1-" Cfb^k^ S2{k)Ho + 
\r\''eiblkHUk)bok + \T\^eiblk^Sl{k)bo + 
2\T\''eibokS2{k)boS2{k)bok + 2\T\^^lbokS2{k)bokS2{k)bo + 
Mr\^^i^2bie6i{k)d2{k)bo + 4|r|2^i6&gfc'<52(fc)(5i(fc)6o + 
8|r|2^i6&ofc^^i52(fc)6o + 4|r|2a6?>ofc<5i(/e)6oM2(A;)6o + 
Mr\''^i^2bokS2{k)bok5i{k)bo + 2\T\^^lbieSi{k)^o + 
\T\^ablk^SUk)bok + \T\^ablk^SKk)bo + 
2|r|2e|6oMi(fc)&o'5i(fc)6ofc + 2|T|2e2&oMi(fc)6ofc^i(fc)6o + 

12n\T\^^l^2blk^S2{k)X + 2Ti\T\^^i^2blk^S^^{k)bok + 

10Ti\Tmi(2blk^6^{k)bo + 4n\T\^i^2bakS2ik)bo62{k)bok + 
12n\T\''^i^2bokS2{k)bokS2{k)bo + 6Ti\T\''(jblkHi{k)S2{k)bo + 

6n\T\^^lbieS2{k)Si{k)bo + 2Ti\T\^^lblPSiS2{k)bok + 

10Ti\T\^^iblk^6i62{k)bo + 2Ti\T\^^ibokSi{k)boS2{k)bok + 
6n\T\^^^bok6i{k)bokd2{k)bo + 2ti\t\^ ^ibokS2{k)bo6i{k)bQk + 
6Ti|T|2^|6ofc(52(fc)6oMi(fc)&o + 6\T\^^lblPd2ikfbo + 
\T\^^lblk^6lik)bok + 5|T|4^|62^3^|(fc)foo + 
2|r|4^|6ofc52(fc)&o52(fc)6ofc + 6\T\^^ibokS2{k)bokS2{k)bo - 
S^fblk'^Siikfbo - ^^tblk^5Uk)bok - 
4^fblk^dl{k)bo - 6^tblPSi{k)bokdiik)bok - 
10^fblk'^5i{k)boPSi{k)bo - 10^fblk^Si{k)bo5i{k)bok - 
U^fblk^5i{k)bakSilk)ba - 4^fbokSi{k)blPSi{k)bok - 
4^tbokSi{k)bie6i{k)bo - 8Ti^tbok''Si{k)62{k)bo - 
8Ti^tblk^62{k)Si{k)bo - 8TiCfblk^5iS2{k)bok - 
8Ti^f b^k''SiS2{k)bo - 6Ti^fblk^Si{k)bok52{k)bok - 
10Ti^fblk^di{k)bak^S2{k)bo - 6Ti^tblP62{k)bok6i{k)bok - 
10n^tblPS2ik)bok^Si{k)bo - 10Ti^tblk^Si{k)boS2{k)bok- 
UTi^fb^„k^Si{k)bnk62{k)bo - 10Ti^tb''„k^S2{k)bnSi{k)bok - 
UTi^tblk^S2{k)bak6i{k)bo - ^Ti^f bak6i{k)blk^62{k)bok - 
An^fbokSi{k)blk^S2{k)b„ - 4Ti^tbokS2{k)blk^6i{k)bok - 
ATieib^k52{k)blkHi{k)b„ - 32nei^2blkHi{k)Ho - 
lQn^U2blk^Sl(k)bok - 16rief6&ofc''52(fc)6o - 
2An^U2blk^Si (k)bok5i {k)bok - 40riC?6&ofc'<5i {k)boe5i {k)bo - 
40nei^2blk^5i{k)bo6i{k)bok - 56nei^2blk^6i{k)bokSi{k)b„ - 
16Ti^U2bok6iik)blPSi{k)bok ~ 16Ti^U2bok6iik)bie6i{k)bo - 
8TUtblkH2{kfbo - ATieiblkHl{k)bok - 
ATl£,lblk^5l{k)bo - ATl^lbie52{k)bok52{k)bok - 
8TUtblk^62{k)bok^S2{k)bo - SrUtb^k^ 62{k)bod2{k)bok - 
12TUtblk^S2{k)bok62{k)bo - 4TUtbokS2{k)blk^62{k)bQk - 
ATWib^k52{k)blkH2{k)bo - 2'iTl£,U2blkHi{k)82{k)bo - 
24TUK2blk^S2{k)Si{k)bo - 24TUK2blk^6id2{k)bok - 
24Ti^U2blk'^SiS2ik)bo - 2QTUU2blk'' 5i{k)bok52{k)bok - 
32T^^f^2blk'^di{k)bok^d2{k)bo - 20T^^f^2blk^d2{k)bok6i{k)bok - 
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32TUU2blk^S2{k)boPSiik)bo - 32TU!^2blk^Si{k)hoS2{k)bok - 
UTUK2blkHi{k)bok52{k)ho - S2T^^U2bieS2{k)bo6i{k)bok - 
UT?^f^2blk^S2ik)bok5i{k)bo - 12T^^f^2bokSi{k)blk'^S2{k)bok - 
12T^ei^2bokSi{k)blk^S2{k)bn - 12Tfei^2bokS2{k)blk''5i{k)bok- 
l2TUU2bok62{k)blk'6i{k)bo - iOrUUiblk^Siikfbo - 
20T?^f^^blk'^5lik)bok - 20T^^f^^blk^S^ik)bo - 
2^Tlililblk'^5i{k)bok5i{k)bnk - 48TfCU2blk^Si{k)bok'^Si{k)bo - 
48T^^Uiblk^6i{k)bo6i{k)bok - 68TUUiblk^Si{k)bokdi{k)bo - 
2QT^^l^lbok5i{k)blk'^6i{k)bok - 20T?^f^ibok5i{k)blk^5i{k)bo - 
2|r|2ef62fc2(52(fc)6oM2(fc)&ofc - 2\T\''^fblk^S2{k)bok^S2ik)bo - 
2\T\''^fbied2{k)bo62ik)bok - 2\T\^^yoed2{k)bok62{k)bo - 
8\T\^ei^2blk^Si{k)d2{k)bo - 8\T\^eii2blk^52{k)5i{k)bo - 

S\T\^ei^2blk%S2{k)bok - 8\T\^^U2blk^SiS2{k)bo - 

4\T\-'^f^2blkHi{k)bok62{k)bok - 8\T\^^U2blkHi{k)bok^S2ik)bo - 
4\T\^ei^2bf,k^62{k)bok6i{k)bok - 8\T\^eii2bie62ik)bok^6i{k)bo - 
S\T\^ei^2blk^Si{k)boS2{k)bok - 12\T\^^U2blk^Si{k)bokS2{k)bo - 
S\T\^^U2blPS2{k)boSi{k)bok - 12\T\^^U2blk^62ik)bok6iik)bo - 
4|T|2^3^2&oMi(fc)6gfc252(fc)6ofc - 4\T\''^U2bok5i{k)bied2{k)bo - 
Mr\HU2bok62ik)blk^Si{k)bok - 'i\T\^^f^2bokS2ik)blk^6iik)bo - 
8\rme2blk^S,{kfbo - MrnUiblk^mbok - 
Mr\^eie2blk^5l{k)bo - 8\T\^ei^lbieS,{k)bokSi{k)bok- 
12\T\^ei^lblPhik)bok^S,ik)bo - 12\T\^ei^lblk^S,ik)boS,{k)b„k - 
16\T\HKiblk^S,{k)bokSi{k)bo - 4\T\^^l^ibok6i{k)bie6i{k)bok - 
Mr\HUIbokSi{k)blkHi{k)ba - WTf(U2blk^62{k)Ho - 
8TUK2blkHl{k)b^k - 8TUU2blkHl{k)b^ - 
8T^^f^2blk^d2{k)bokS2{k)bok - lQTUK2bie52{k)bok'^52{k)bo - 
lQTieii2blkH2{k)bo52{k)bok - 24Tiei^2blk^62{k)bokS2{k)bo - 
8Tfei^2bokS2{k)blPS2{k)bok - 8TUl^2b^k52{k)blkH2{k)bQ - 

16Tfe2^|63fc4^l(fc)<52(fc)6o - l&TUl&lkH2{k)6i{k)bQ - 

16x3^2^1 63fc45i 52 (fc)&ofc - 16r?C?Cl''ofc''5i<52(fc)6o - 
l&Tiei^lbie5i{k)bok52{k)bnk - 24TUUIblk^Si{k)bok^S2{k)ba - 
l6Tfei^iblk^62{k)bok5i{k)bok - 24Tfei^iblkH2{k)bok^6i{k)bo - 
24Tf^Uiblk'^Siik)bo62{k)bok - 32Tf ^?^|fe§fc-''(5i(fc)&oM2(fc)6o - 
24Tfei&blk^S2ik)bo6i{k)bok - 32Tfei^iblk''62{k)bok5i{k)bo - 
8Tfei^2bokSi{k)blPS2{k)bak - Srf eKl^oMi(fc)&2A;3<52(fc)&o - 
8Tf^f^^bokS2{k)blk^Si{k)bnk - 8Ti^UlbokS2{k)blk^di{k)bo - 
16rf^,e2blk^Si{k)%o - 8Ti(^e2blk^Sf{k)bok - 
8TUiilblk^SUk)bo - 8T!^i^lbie6iik)bok6iik)bok - 
16TfCi^iblPSi{k)bok^Siik)bo - 16Tf^i^lblk^Siik)bo6iik)bok - 
24Tf^i£,iblk^Si{k)bok6i{k)bo - 8Tl^i^ibakSi{k)blk^Si{k)bok - 

8Tf^l^lbok6i{k)blk-^6i(k)bo - l6Ti\T\^^U2blk^d2{kfbo - 

8n\T\^ei^2blk^Slik)bok - 8n\T\^ei^2blk^dlik)bo - 

16n\T\^&^2blPS2ik)b„kS2ik)b„k - 24T,\r\''^f^2blkH2ik)bokH2ik)bo - 

24n\T\-'^U2blPS2{k)bo62{k)bok - S2Ti\T\^^U2blk^2{k)bok62(k)bo - 

8n\T\^^U2bok62{k)blkH2{k)bok - 8Ti\T\''S,U2bokS2{k)blPS2{k)bo - 
S2n\T\^ei&lk^5i{k)62{k)bo - 32n\T\^ei&lk^62{k)6i{k)bo - 
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32n\T\^eie2blk%S2{k)bok - 32Ti|T|2^2^|63fc5^i52(fc)6o - 

20Ti\T\''^UIblk^Si{k)bok62ik)bok - 36Ti\T\^^U2blk^Si{k)bok^52{k)bo - 
20Ti|T|2^?C|6gfc2^2(A;)6oMi(fc)6ofc - 36Ti\T\'^^f^^blPS2{k)bok'^di{k)bo - 
^&r,\T\-'ei&lk^,{k)boS2{k)bok - 52n\T\^ei^^blk^5i{k)bokS2{k)bo - 
SQn\T\HUiblk^S2{k)bodi{k)bok - 52n\T\^^U2blk''62{k)bokdi{k)bo - 
16n\T\'^^U^bokSi{k)blk'^S2{k)bok - 16n\T\'^^f^^bokSi{k)blk^52ik)bQ - 
16Ti|T|2^2^|6oM2(fc)62fc2^i(fc)&ofc - 16ti | t| ^^^^ffeoMa (fc)^^^^^! (fc)6o - 
16Ti|rpa^|63fc45,(A;)26o - 8T,\T\^^,ablk^Sf{k)bok - 
8n\T\''^iClblk^6Uk)bo - 16n\T\^^i^lbieSi{k)bok6i{k)bok - 
24n\T\''^i(lblk-'Si{k)boeSi{k)bo - 24Ti\T\-'^i^lblk^Si{k)boSi{k)bok - 
32Ti|r|2^iC|62fc35i(A;)6oMi(A;)6o - 8Ti\T\^^i^lbok6i{k)blk''Siik)bok - 
Sn\T\^^i^lbokS,{k)blk^Sr{k)bo - 40Tf\T\^ei^lblk^S2{k)Ho - 
20Tf |r|2^2^|63fc45|(fc)&ofc - 20Tf\T\^eimk'Sl{k)bo - 
28T?\T\''^U2blk^S2{k)bokd2ik)bok - A8T^\T\^ei^^blk^d2{k)boP62{k)bo - 
48Tf\T\^ei^2blk'S2{k)bo52{k)bok - eSrf |r|2^2^|&§fc3^2(fc)6ofc^2(fc)6o - 
20T^\T\^^U2bok62{k)bieS2{k)bok - 20T?\T\^ei^lbokS2{k)blk^S2{k)bo - 
24Tf |T|2eie|6i]fc4^i(A;)52(A;)6o - 24r2|T|2ae|fe^fc4<52(fc)<5i(fc)6o - 
24Tf\T\^^i^lblk^Si52{k)bok - 24rf|r|2afifeofc''5i52(fc)6o - 

20T2|T|2^lC|62^2Jl(fc)6oM2(fc)&ofc - 32Tf\T\^ ^i^lb^P 6i{k)baP S2ik)bo - 

20T^\T\^^i^lblk^62{k)bok6i{k)bok - 32Tf\T\^^i^lblk^62{k)bok^6i{k)bQ - 
32T2|r|2^i^|62fc35i(fc)6o^2(fc)6ofc - UTf\T\^^i^lb''„k^Si{k)bokS2{k)bo - 

32T^\T\^,^lblk^S2{k)boSi{k)bok - UTf\T\^'^i^lblk^52{k)bokSi{k)bo - 
12T?\T\-'^l^lbokdi{k)blk^d2{k)bok - 12Tf\T\Hi^lbok6i{k)blPd2{k)bo - 

12Tf\T\'^^i^lbokS2{k)bieSiik)bok - l2Tf\T\'^^-i^lbok62ik)blk^Si{k)bo - 

8T2|T|2e|&3fc%(fc)26o - 4Ti\T\^^lblk^6Uk)bok ~ 

4T?\T\^^lblk^Sl{k)bQ - AT^\T\^^^bieSi{k)bokSi{k)bok - 
8T^\T\^^lbieSi{k)bok^6i{k)bo - 8T^\T\^^lblk^Si{k)boSi{k)bok - 
12Tf\T\^^^blPSi{k)bokSi{k)bo - 4Tf\T\^^%kSi{k)blP6i{k)bok - 
4Ti\T\'^lbokSi{k)blk^Si{k)bo - 8\r\^eie2blk^S2{kfbo - 
Mr\^eie2blk^SUk)bok - 4|r|4e2e|63fc5(5i(fc)feo - 
S\T\^eie2blP52{k)bokS2{k)bok - 12\T\^eie2blk^2{k)boPS2{k)bo - 
12\T\^ei^iblPd2{k)boS2{k)bok - 16\T\^^UIblk^2{k)bok62{k)bo - 
Mr\^&&bokS2ik)blPS2{k)bok - MT\^ei^ibok52{k)blk^52ik)bo - 
S\T\%e2blk^S,{k)S2{k)bo - S\T\%e2blk^S2{k)S,{k)bo - 
8\T\%e2blk%62ik)bok - 8\T\%e2blk^S,S2{k)bo - 
4\T\%^lblk''Si{k)bok52{k)bok - 8\T\%(iblk''Si{k)bok''S2{k)bo - 
Mr\%^lbieS2{k)bokSi{k)bok - 8\T\%^lbieS2ik)boeSi{k)bo - 

S\T\%^lblPdiik)boS2ik)bok - 12\T\%^iblkHi{k)bok62{k)bo - 

8\T\%^lblPS2ik)boSiik)bok - 12\T\%^ibie62ik)bok6iik)bo - 
4\T\%^lbokSiik)blPS2ik)bok - i\T\^^i^ibokSiik)blk^62ik)ba - 
4\T\%^lbokd2{k)blPdi{k)bok - 4\T\%^lbokd2(k)blk^di(k)bo - 
2\T\*^lblPdi{k)bok6iik)bok - 2\T\*^lblPdi{k)boPdi{k)bo - 
2\T\%blPSi{k)boSi{k)bok - 2\T\%blkHi{k)bokSi{k)bo + 
8^fblk'^Si{k)bokdi{k)bok + 8^fblk'^6i{k)bok^Si{k)bo + 
8^fblk^6i{k)boSi{k)bok + 8^fblk^6i{k)bok6i{k)bo + 
4^fblk^5i{k)blk^5i{k)bok + 4^fblk'^5i{k)blk^5i{k)bo + 
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'i(,lhlk^5i{k)hlk'^5i{k)bok + ^£!lhlk^5i{k)hlk^5i{k)ho - 
^2n\T\^UlblkH2{kfh^ - lQn\T\^i^e2blk^5l{k)hok - 
lQTi\T\^^^^lhlk^6l{k)ho - 2iTi\T\^^i^lblk^S2{k)bokS2{k)bok - 
40ri|T|4eiei6§fc252(fc)6oP52(fc)&o - ^Ori\T\^(i£_lblk^52{k)boS2{k)b„k - 
56Ti\T\%^lblk^S2{k)bokS2{k)bo - 16n\T\%Cibok62{k)bie62{k)bok - 
16Ti\T\%^lbokS2ik)blk^62ik)bo - Snlrl^el^'ofc^^i (fc)^2(fc)6o - 

8Tl\T\^^^blk%{k)Si{k)bo - 8n\T\*^lblk%S2{k)bok - 

8Ti|T|4^|6gfc5^i(52(fc)&o - 6Ti|r|4^|6§A:2(5i(A;)6oM2(fc)6ofc - 
10n\T\^^^blk^Si{k)bok^S2{k)bo - 6n\T\^^^blk^62ik)bok5i{k)bok - 

10Ti\T\*^^blk^52{k)bak^Siik)ba - 10Ti\T\^^lblk^Si{k)bo52{k)bok - 
Un\T\*^lbie6i{k)bokd2{k)bo - WTi\T\''^^bied2{k)bo6iik)bok - 
Un\T\^^iblk^S2{k)bok5i{k)bo - 4Ti\T\^^lbokSi{k)blk'^S2{k)bok - 
4Ti|r|4^|6oMi(fc)62fc3<52(fc)6o - in\T\^^lbokS2{k)b''„k^S,{k)bok - 
^Ti\T\'^^lbok62{k)blk'^di{k)bo + 8Ti^fblk^6i{k)bok62{k)bok + 
Sn^fb^k*Si{k)boe52ik)bo + Sn^fblk^62{k)bQkdi{k)bok + 
8Ti^663fc4<52(fc)6ofc''5i(fc)&o + 8Tie^blk^Si{k)bn52{k)bok + 
8neiblk''Si{k)bokS2{k)bQ + 8Tieiblk^S2ik)bo6i{k)bok + 
8neiHk''h{k)bokdi{k)bQ + 4neiblk''Siik)blk^52{k)bok + 
4neiblk^Si{k)blk^S2{k)bo + 4neiblk^S2{k)blk^Si{k)bok + 
4Ti^fblk^S2{k)blk''Si{k)bo+4Ti^fblk^6i{k)blk^62{k)bok + 
ATteiblk''5x{k)blkH2{k)bo + 4Ti^6^2^3^2(fc)6gfc25i(fc)6ofc + 
ATieiblk''52{k)blkHi{k)bo + A8Tiei^2blkHi{k)bok5^{k)b^k + 
A8Ti£,U2blkHi{k)bok-'6i{k)bQ + 48rief 6&§fc''5i(fc)6o<5i(fc)6ofc + 
A8Ti£,l£,2blkHi{k)bQk5i{k)bo + 2ATi£,li2bie5i{k)blkHi{k)bok + 
24Ti^U2blk^5i{k)blk^Si{k)bo + 24Tiei^2blk^Si{k)blk^Si{k)bok + 
2ATl(,U2blkHl{k)blkHl{k)bQ - 8|T|6C|63fc452(fc)26o - A\T\%^blkHl{k)bQk - 

A\T\^$,tblk^5l{k)bo - 6\Tf^^blk'^S2{k)bokS2{k)bok - 
W\T\^^lblk^S2{k)bok^S2ik)bo - 10\T\''(^blk^2{k)boS2ik)bok ~ 
U\rf^2blk^S2{k)bok52{k)bo - 4\T\''^^bokS2{k)blk^62{k)bok - 
4\T\%^bokS2ik)blk^S2ik)bo + 8TieiblkH2{k)bok52{k)bok + 
8Tf^fblk^S2{k)bok^d2{k)bo + 8TUfblk^52{k)boS2{k)bok + 
8Tf^fblk^S2{k)bokS2{k)bo + ATf^fblk^62{k)blk'^62{k)bok + 
ATieiblk^Hk)blkH2{k)b„ + ATieiblkH2{k)bie52{k)bok + 
ATl£!iblkH2{k)blk'^52{k)ba + AQTlS!i£,2blkHx{k)bak52{k)bok + 
AQTl(:iS,2blkHi{k)bQe52{k)bo + AQTiei^2blkH2{k)b^k5i{k)bQk + 
AQTlS,l^2l)lkH2(k)bok'^5i(k)bo + AQTlS,l^2lilkHi{k)bo52{k)bok + 
^Qrieii2yikHi{k)bok52{k)b^ + A{)Tl£!iS,2blk''52{k)bnh{k)bok + 
AQTlQ£,2blkH2{k)bQk5^{k)b^ + 2QTUl^2blk'' 5i{k)blk'' 52{k)b^k + 
2QTlQ^2blk''5i{k)blkH2{k)bo + 20T^^U2blkH2{k)blk^Si{k)bok + 
20T^ei^2blP52{k)blk^Si{k)bo + 2QTiei^2blkHi{k)bie52{k)bak + 
2QTl£,lS,2blk'^5i{k)blk'^52{k)bQ + 2QTl£,lS,2blk'^52{k)bieSi{k)bQk + 
2{)TUl^2blk'^52{k)blk'^5i{k)bo + 10ATUUiblk^6i{k)bok6i{k)bok + 
10ATUUIblk%{k)b„k^S,{k)bo + 10ATUH^blkHi{k)boSi{k)bok + 
lOATf^Uibf,k'^Si{k)bok5i{k)bo + 52Tf^f^jblk^6i(k)hf;,k^5i{k)bok + 
52Ti^t^^blk^Si{k)blk^di{k)bo + 52Tl^Uiblk^6i{k)blk^5i{k)bok + 
52Ti^f^lblk^di{k)blk^6i{k)bo + 8\T\''^U2blk^Si{k)bok52{k)bok + 
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8\T\^ei^2blk%{k)bok-'S2{k)bo + 8\T\-'ei^2blk%{k)bokSi{k)bok + 
8\T\''^U2blk''52{k)boPSi{k)bo + 8\T\^CU2blk^6i{k)bo62{k)bok + 
8\T\''^U2blk^Siik)bokS2ik)bo + 8|T|2^f6&ofc^^2(fc)6o^i(fc)6ofc + 
8\T\-'ei^2blk^S2{k)bokMk)bo + Mr\''ei^2blk^5i{k)blk^52{k)bok + 
Mr\''^U2bie6i{k)blk^d2{k)bo + A\T\^CU2blk^d2{k)blP6i{k)bok + 
4kP^R2&o^'^2(fc)6^fc45i(fc)6o + MT\''^f^2blk^5iik)blkH2{k)bok + 
MT\^ei^2blk^5,{k)blk^S2{k)bo + Mr\^ei^2blk^S2{k)blk^5,{k)bok + 
Mr\''^U2blk^S2{k)bie6i{k)bo + 16\T\^iUibok''Si{k)bokSi{k)bok + 
16\T\''^U^blk^6i{k)bok^6i{k)bo + 16\T\^^f^^blk^6i{k)bo5i{k)bok + 
16\T\''^U^blk^5i{k)bokSi{k)bo + 8|T|2^4^|62fc2<5i(fc)62fc35i(fc)6ofc + 
8\T\^^t^iblk^6i{k)blk''6i{k)bo + 8\T\^^t^iblk^6i{k)blk^6i{k)bok + 
8\T\''^f^lblk^Si{k)blk^6i{k)bo + 32T^^f^2blk^S2{k)bokd2{k)bok + 
32Tfei^2blk*52{k)bok^52{k)bo + 32TfCf6&i]fc''^2(fc)&o'52(fc)6ofc + 
32Tfei^2blkH2{k)bokd2{k)bQ + 16T!ei^2blk^S2ik)blk^62{k)bQk + 
mTUU2bf,k^S2{k)blk%{k)bo + WTfei^2hok''S2{k)blk''S2{k)bok + 
l(iTi^H2blk''S2ik)blk^S2{k)bo + 64T^ei&4k^Siik)bokS2{k)bok + 
64Tf^t^^blk''6i{k)bok^62{k)bo + &ATll^l(il)lk^52{k)bok5i{k)bQk + 
MTWi(iblk^52{k)bok^5x{k)bo + 64Tf^Uiblk^Si{k)boS2{k)bok + 
64Tf^f(iblk^Si{k)bokS2{k)bn + 6ATf^Uiblk^S2{k)boSi{k)bok + 
6^Tf^Hib^ok^d2ik)bok6i{k)bo + 32Ti^Uiblk^5i{k)blk^S2{k)bQk + 
32T!^f^iblk^6i{k)blk%{k)bo + 32Ti^t(iblkH2{k)blk^Si{k)bok + 
32TUt&lk^S2(k)blk^Si{k)bo + 32Tf ^f^lblk^5i{k)blk^S2{k)bok + 
32Tf^Uiblk^di{k)blk^62{k)bo + 32Tf^Uiblk^62{k)blk^6i{k)bok + 
32Tf^f^iblk^S2{k)blk^Si{k)bo + 96Ti^Uib^k^Si{k)bok5i{k)bok + 
96Tf^f^iblk^Si{k)bok^Si{k)bo + 96Tf ^f^iblk''Si{k)boSi{k)bok + 
96Tf^f£_lbl,k''Si{k)bokSi{k)bo + A8TUlilblk^5i{k)blk^6x{k)bQk + 
A8Tl(lS,lblk'^5i{k)blk^6i{k)bo + ^8Tf(,lilblk^5i{k)blk'^5i{k)bok + 
48Tf^U^bieSi{k)blk^i{k)bo + 16n\T\''^U2blk^62ik)bokS2{k)bok + 
16n\T\^ei^2blk%{k)b„kH2{k)bo + 16n\T\''ei^2blk^62{k)b„d2{k)bok + 
16n\T\^ei^2bf,k''S2{k)bokS2ik)bo + 8n\T\^ei^2bieS2{k)blk^S2ik)bok + 
8Ti|T|2^f6&ofc''52(fc)&§fc%(fc)&o + 8n\T\^ei^2blk^S2{k)blPS2{k)bok + 
8Ti\T\^ei^2blk^2ik)blk^S2ik)bo + 56Ti\T\''^f(iblk^Siik)bok62ik)bok + 
56Ti|T|2^f^|63fc4^i(fc)6ofc2<52(fc)6o + 56ri|r|2e4^|^3fc4,52(fc)6oMi(fc)6ofc + 
56n\TmKiblk''S2{k)b„kHi{k)bo + 56Ti|T|2ete|63fc5(5i(fc)6o'52(fc)foofc + 
56Ti|T|2ete|&ofc''5i(fc)6ofc'52(fc)&o + 56Ti\T\^^Ujblk^d2{k)boSi{k)bak + 
56n\TmUiblk''62{k)bokSi{k)bo + 28n\T\^^Uiblk^6i{k)blk^S2{k)bok + 
28n\T\''^f^lblk^Si{k)blk^62{k)bo + 28Ti\T\^^f^iblk^d2{k)blk^di{k)bok + 
28n\T\-'^f^iblk^S2{k)blk%{k)bo + 28n\T\^^f^iblk^Si{k)blk^d2{k)bok + 
28Ti|Tpetel&ofc^'5i(fc)62fc352(fc)6o + 28Ti|T|2efe|62fc3^2(fc)6§fc25i(fc)6ofc + 
28n\T\''^Uiblk^62{k)blk^6i{k)bo + 64Ti|T|2e?^|63fc4(5i(fc)6oMi(fc)6ofc + 
6M\T\''ei^lblk%{k)bok^6iik)bo + 6ATi\T\^ei^lblk^Si{k)boSi{k)bok + 
Q^n\T\''^Uiblk'^Siik)bokSiik)bo + 32n\T\^^f(iblk^Si{k)blPSiik)bok + 

32Ti|T|2e3^352^2^^(fc)52fc4j^(^)^^^32^^|^|2^3^352^3^j(fc)52^2^^(fc)^^^^ 

32Ti\T\''^f^lblk^Si{k)blk'^di{k)bo + 32Tf^f(iblk^S2{k)bok52{k)bok + 
32Tf^f^lblk^S2{k)bok''S2{k)bo + 32Tf^f^lblk^S2{k)boS2{k)bok + 
32Ttii^lblk^52{k)bok52{k)bo + l&Tf^iilblk'^52{k)bie52{k)bok + 
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16Tf^Hiblk^S2ik)blk%{k)bo + WTf^U^blk^S2ik)bieS2{k)bok + 
l6Tt^tQblk^62{k)blk^S2{k)bo + 32Tt^Uiblk^Si{k)bok52{k)bok + 
2,2Tf^l^lhlkH^(k)hok'^S2{k)bo + 32Tf^f^lblk^S2{k)bok6i{k)bQk + 
32Tfeii.lblk^S2{k)bok''5i{k)bo + 32T4^f^|6i]A-'^(5i(fc)&o<^2(fc)&ofc + 
32Ttei&blk^Si{k)bok52{k)bo + 2.2Ttiiiihlk^ Hk)boh{k)bok + 
32Tf^?C|6gfc552(fc)6oMi(fc)6o + lQTtil(,lblk'^5i{k)blk^52{k)bok + 
l&TteiSihlk-'h{k)blkH2{k)bo + l&Ttei&lk''52{k)blkHi{k)bok + 
lQTtei£.2blk''52{k)blkHi{k)bo + l^rUUlbl^ 5i{k)bie 52{k)bok + 
l%Ttei^lblk^5i{k)blk''52{k)bo + 16Tf^f^lblk^S2{k)bieSi{k)bok + 
l&TUKlblkH2{k)blkHi{k)bo + 32Tfei^lblk^S,{k)bokA(k)bok + 
32Tf^l^lblk^6iik)bok^6iik)bo + 32Tfil^lblk^6iik)bo6i{k)bok + 
32Tt^f^^blk^6i{k)bok6i{k)bQ + 16Tf^'f^lblk^Si{k)blk^6i{k)bQk + 
16Tf^f^|6^fc25i(fc)&2fc45i(fc)&o + l6TfCl^^blk^Si{k)blk^5i{k)bok + 
16Tfei^^blk^6iik)blk^6iik)bo + 80Ti\T\^^f^^blk^62ik)bokS2ik)bok + 
80Tf\T\^ei^iblk''52{k)boPS2ik)bo + 80Tf\T\^^Uiblk^62{k)boS2{k)bok + 

80Tf\T\^^Uib^k^62{k)b„k52{k)bo+40T^\T\^^Ui^^^^^ 

'^OT!\T\^^UiblkH2{k)blk''S2{k)bo + A0T!\T\^^Uiblk'62{k)blk^S2{k)bok + 

AOTf\T\^^Uiblk^62{k)blk^S2{k)bo + n2Ti\T\^ei^ib^ok%ik)bokS2{k)bok + 
n2Tf\T\^ei^lblk^Si{k)bok^S2{k)bo + n2Tf \T\^ei^lblk%{k)bokSi{k)bok + 
112T2|T|2^3^|&3fc%(fc)6oA;2(5i(A;)6o + n2Tf\T\^ei^lblk''Si{k)boS2{k)bok + 
112T^\T\^ei^lblk^di{k)bok62{k)bo + n2Tf\T\^ei^lb^k''S2{k)bo6i{k)bok + 
n2T?\T\^ei^lblk^S2{k)bokSi{k)bo + 56Tl\T\^ei^lblk^Si{k)blk^52{k)bok + 
56T?\T\^ei(lblkHi{k)blk''62{k)bo + 56Tl\T\^ei^2blkH2{k)blk^Si{k)bok + 
56Tf\T\^UIbieS2{k)blk*di{k)bo + 56Tf\T\^ei^lblk^Si{k)blk^S2{k)bok + 
5GTf\T\^ei^lblk^Si{k)blk^S2{k)ba + 56Ti\T\^ei^lblk^S2{k)blk^5i{k)bok + 
56Tf\TmUlblk^62{k)blk^6i{k)bo + 80Ti\T\^ei^lblk%{k)bok6i{k)bok + 
80T^\TmU2blk%{k)bokHi{k)bo + 80Tf\T\^ei^lblk^Si{k)boSi{k)bok + 
SOrf |r |2^2^|6i^fc5(5i {k)bok5i (fc)&o + ^OrflT^U^blk^Si {k)blk^Si {k)b^k + 
A{)Tl\T\''ei£.tblkHi{k)blkHr{k)h, + A{)Tl\T\^ei^tblkHi{k)blkHi{k)bok + 
AQTl\T\''eiitblkHi{k)blkHi{k)ba + 8\T\'^^ie2blkH2{k)b^k52{k)bok + 
8\T\^ei(iblk^S2{k)bokH2{k)bo + 8\T\''ei^iblk^S2{k)bo52{k)bok + 
8\T\^^HIblk''d2{k)bokS2{k)bo + MT\^^t&blPS2{k)blk^2{k)bok + 
Mr\^^te2blk^S2{k)blk^S2{k)bo + 4\T\^^te2blkH2ik)blk^62ik)bok + 
Mr\^^HIblk^S2{k)blkH2{k)bo + m\T\^^UIblk^5i{k)bok52{k)bok + 
16|T|4^3^|63fc4<5i(fc)6ofe2<52(fc)6o + 16|T|4^3^|63/c%(fc)6oHi(/c)6ofc + 
16|r|4e?C|&i^fc4<52(fc)&ofc2<5i(fc)&o + 16|r|4e3e|&3fc5<5i(fc)&o52(/c)6oA; + 
16\T\^ei&blk^Si{k)bokS2{k)bo + 16\T\*^U2b'ok'S2{k)boSi{k)bok + 
lQ\T\^&^iblk''d2{k)bokSi{k)bo + 8\T\^^UiblPSi{k)blkH2{k)bok + 
8|r|^CiC2&ofc''5i(fc)&o*^^2(fc)6o + 8|r|4^3^362fc252(fc)62fc35i(fc)6oA: + 
8\T\*ei^lblkH2{k)blk^Si{k)bo + 8\T\^ei^lblk^Si{k)blk^S2{k)bok + 
8\THUIblk^6i{k)blk^S2{k)bo + 8\T\''ei^lblk^h{k)blk^di{k)bok + 
8\T\^ei^lblk^S2{k)blk^Si{k)bo + 8\T\''ei^^blk%{k)bokSi{k)bok + 
8\T\^ei^lblk^6,{k)bokH,{k)b„ + 8\T\^ei^lblk'Si{k)kMk)bok + 
8\T\^CUIblk''5i{k)bokSi{k)bo + 4\T\^^U2blk^Si{k)blk-'6i{k)bok + 

4|T|4e?^2'&ofc''5i(fc)&2fc45i(fe)6o+4|r|4^2^|?'ofc'^i(fc)&ofc'^i(fe)&ofe + 
MT\^^U^blk^Si{k)blk''Si{k)bo + 96Ti\T\''^UIblk^S2{k)bokS2{k)bok + 
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96r3|T|2e3e|63fc452(fc)6ofc2(52(fc)6o + 96Tf\T\-'ei^lblk^52{k)boS2{k)bok + 
96rf |r|2^3^|^o^''52(A;)6oM2(fc)6o + ^8Ti\T\^ei^lblk^S2{k)blk^62{k)bok + 
48T^\T\-'ei^lblk''d2{k)blk''62{k)bo + 48rf |T|2^?C|62^3^2(fc)6gfc2^2(fc)6ofc + 
48Tf\T\''^f^lblk^S2{k)blk^S2{k)bn + 6iTf\T\''ei^lHk''Si{k)bokS2{k)bnk + 
64Tf\T\''ei^2blk''5i{k)bok^62{k)bo + 64Ti\T\^^U2blk''S2{k)bok6i{k)bok + 
6ATf\T\^^f^lblk^62{k)boPSi{k)bo + 64Tf\T\^^f^lblk^6i{k)boS2{k)bok + 
64Tf |r|2^2^|63fc5^i(fc)6ofc<52(fc)&o + 6'iTf\T\''ei^lblk^S2{k)bnSi{k)bok + 
64Tf\T\''ei^lblk^S2{k)bokSi{k)bo + 32Ti\T\^ei^lblk^Si{k)blk^62{k)bQk + 
32T^\T\'^^^^^bieSi{k)blk'^S2{k)bo + 32Tf\T\^^f^^blk^S2{k)blk^Si{k)bok + 
32Ti\T\''^f^lblk^52{k)blk^Si{k)bo + 32Ti\T\^ei^^blk^Si{k)blk^52{k)bok + 
32T^\T\''ei^lbieSi{k)bied2{k)bo + 32Ti\T\^^UIblk^WblPSi{k)bok + 
32Ti\T\'^^f^lblk^S2{k)blk^Si{k)bo + 32Tf\T\'^^i^lblk^Si{k)bok5i{k)bok + 
32T^\T\'^^i^lblk^Si{k)bok^Si{k)bo + 32Tf\T\^^i^lblk^5i{k)boSi{k)bok + 
32Tf\T\'^^i^lb^k''Si{k)bnkSi{k)bo + 16Ti\T\^^i^lb^k^Si{k)blk^6i{k)bQk + 
WTf\T\^'^,^lblk'^S,{k)blk^Si{k)bo + WTi\T\^^i(lblk^5i{k)blk''di{k)bQk + 
mTf\T\^^i^lblk^di{k)blk''Si{k)bo+64Ti\T\''ei^lbl^^^ 
QM\T\''ei^lb^ok''S2{k)bok^62{k)bo + 64ri|T|4^3^|&ofc'^2(A)6o<52(fc)foofc + 
6An\T\*^UIb^k^62{k)bok62{k)bo + 32n\T\^^UIbie52ik)b^ok'^52{k)bok + 

32Ti\T\''^f^lblk^S2{k)blk^62{k)bo + 56ri|T|4^2^|63fc4,5i(A;)6oM2(fc)6ofc + 
56Ti|r|4^i2^|6i]fc45i(fc)6ofc'<52(fc)6o + 56ri|r|4^?el^ofc*^2(A;)6ofc5i(fc)6ofc + 
56Ti\T\^£,Ulblk^S2{k)bnk^Si{k)bo + 5QTi\T\^^U^blk'^Si{k)bnS2{k)bok + 
56Ti\T\^CUIHk^^i{k)bokS2{k)bo + 56Ti\T\''^UIHk^S2{k)bo5i{k)bok + 
56n\T\''^UIblk^^2{k)bok6iik)bo + 2Sn\T\^^f^lblk^6iik)blk^52{k)bok + 
28Ti\T\^ei^^blk^Si{k)blk^S2{k)bo + 28Ti\T\^ei^lblk^S2{k)blk^Si{k)bnk + 
28Ti\T\^eiClblk^S2{k)blk''6i{k)bo + 28Ti\T\^ei^2blk^Si{k)blk^62{k)bok + 
28Ti|T|4e2e|62^3^i(A;)62A;3^2(/e)6o + 28ri|r|4^2^|62^3^2(fc)6gfc25i(fc)6ofc + 
28Ti\T\^ei(lblk^S2{k)blk''5i{k)bo + 16Ti\T\%£.lblk%{k)bnkSi{k)bok + 
16Ti\T\^^i^lblk^Si{k)bok^i{k)bo + 16Ti|r|4^i^f6gfc5(5i(fc)6o(5i(fc)6ofc + 
16Ti|r|4^i^f6i^fc5ji(A;)6oHi(fc)6o + 8Ti\T\'^^i^lblk^6i{k)blk^di{k)bok + 
8T,\T\%^lblk^5,{k)blk^di{k)bo + 8T,\T\%e2blk^Si{k)blPSi{k)bok + 
8Ti\T\%^lblk^i{k)blk^6i{k)bo + m4Tf\T\^^UIblk^S2{k)bokd2{k)bok + 
104T2|T|4e2^|63fc4^2(fc)&ofc'<52(A:)6o + 104r2|T|4e2e|6E]fc552(fc)6o<52(fc)&ofc + 
10AT?\T\^ei^lblk^62ik)bokS2{k)bo + 52T^\T\^ei^lblk^52{k)blk^52{k)b„k + 
52T^\T\^ei^lbieS2{k)blk^S2{k)bo + 52Tl\T\^ei^lblk^62ik)bie62ik)bok + 
52Ti\T\^ei(lblk^62{k)blk^S2{k)b„ + 40Ti\T\%e2blk%{k)bok62{k)bok + 
40T2|T|4^ie|63fc4^i(fc)6ofc2^2(fc)6o + 40Tl\T\%(lblk^S2{k)bokSi{k)bok + 
40T2|T|4^ie| 63^4^2 (fe)6ofc2^i(A;)6o + 40Ti\T\%^lblk^6iik)bo62ik)bok + 
40T2|T|4^ie|63^55i(fc)6oM2(fc)&o+40Tf|r|4^ie|63fc552(fc)6o<5i(fc)&ofc + 
40r2|T|4ei^|6^fc5(52(fc)6oMi(fc)&o + 20T^\T\^^i^lblPSi{k)blk^S2{k)bok + 
20T^\T\^^i^lblk^di{k)blk''S2{k)bo + 20Ti\T\''^i^lblkH2{k)blk^Si{k)bok + 
20T^\T\^(i^lb'^k^52{k)blk^6i{k)bo + 20Ti2|T|4^ie|&gfc35i(fc)&2fc2<52(fc)6ofc + 
20T2|T|4ei^|62fc3(5i(fc)62fc3<52(fc)6o + 20Tf\T\%^lblk''62{k)blk^Si{k)bok + 

20T^\T\^^l^lblk^S2{k)blk^di{k)bo + 8Ti2|T|4^f6gfc4,5i(fc)6oMi(fc)6ofc + 

8Ti\T\^^lblk'^di{k)bokHi{k)bo + 8Ti\T\*^lblk^Si{k)bo6i{k)bok + 
8T^\T\^^^blk^Silk)bok6i{k)bo + ATf\T\^^lblk'^6i{k)blk^6i{k)bQk + 
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AT?\T\^e2hlk^S,{k)hlk^S,{k)bo + 4Tf\T\^e2blk^5i{k)blkH,{k)bok + 
^Tl\T\^^lblP6i{k)blP6i{k)bo + 16\T\''^U2blk^S2{k)bok62{k)bok + 
lQ\Tf^U^blk^S2{k)bok''S2{k)bo + 16\Tf^f^lblk^62ik)bo52ik)bok + 
lQ\Tfei^^blk^S2{k)bokS2{k)bo + 8\T\^ei^lblkH2{k)blk^S2{k)bok + 
r\^ei^lbie62{k)blk^d2{k)bo + 8\T\''ei^lbied2{k)bied2{k)bok + 
T\^^UiblkH2{k)blkH2{k)bo + 8\T\%Clblk^Siik)bokS2{k)bok + 
Tf^i^lblk%{k)bok-'S2{k)bo + 8\T\^ii&lk^52{k)b^k5i{k)b^k + 
T\%iS^lblk''62{k)bokHi{k)bo + 8\T\''iiilblkHi{k)bo62{k)bok + 
T\%i^lblk^5i{k)bok52{k)bo + 8\T\^^i^lblk^52{k)bo6t{k)bok + 

T|%^|&ofc''^2(fc)&oMi(fc)&o + 4|T|6eiC|&2fc2^i(fc)&2fc352(fc)&0fc + 

T\''ii£,lblkHi(k)blkH2{k)bo + 4|T|6^iC|62^2^2(A;)62A;3<5i(fc)&oA; + 
T\%ie^bie52{k)blkHt{k)bo + A\T\^^i^lblk''5i{k)blk'^52{k)bok + 

T\%ie2blkH^{k)blkH2{k)h, + A\T\%^S,lblkH2{k)blkH^{k)bok + 
T\''il£,lblkH2{k)blk^6i{k)bo + i8Ti\T\^^i^lbf,k^S2ik)bokS2ik)bok + 

^8n\T\^^l^|blk%{k)bok^'62{k)bo + 48n\T\''^,^lblk'^62{k)kMk)bok + 
^8n\T\^^i^lblk^S2{k)bok52{k)bo + 24Ti|r|6^i^|62fc252(fc)62fc3j2(fc)&ofc + 
24Ti\T\%e2blk^S2{k)blk^62{k)bo + 24Ti\T\''^ie2blk^S2{k)blk^62{k)bok + 
2An\Tf^i^lblk^62{k)blk^52{k)bo + 8n\T\^^^blk^di{k)bokd2{k)bok^ 



8ti 
8ti 
8ti 
8ti 
4ri 
4ti 
4ti 
4ti 
8|r 
8|t 
4|t 
4|r 



^f&3fc45l(fc)feofc2(52(fc)6o + 8Ti|T|6^f63fc4^2(fc)&oMi(fc)&ofc + 

T|6^|63A;%(fc)bofc'^i(A;)6o + 8ri|T|6ef6gfc''^(5i(fc)6o52(fc)6ofc + 
T|6ef&3fc5(5i(fc)6ofc52(fc)6o + 8Ti|r|6e6&3fc5<52(fc)feo<5i(fc)6ofc + 
T\^^^blk^52{k)bok5i{k)bo + 4Ti\Tf^lblkHi{k)blk^S2{k)bok + 
T\^^^blkHi{k)blk''S2{k)bo + 4n\Tf^lblk^62{k)blk^Si{k)bok + 
-i^Cf&§A;2<52(fc)&gfc45i(fc)6o+4ri|r|6^|6§fc35i(fc)6^fc2^2(/e)6oA; + 
ef&gfc3(5i(fc)62fc3,^2(fc)&o+4Ti|T|6^f62^3^2(fc)6^fc25i(fc)&oA; + 



k^2{k)blk^5i{k)bo + 8\Tf£,lblk^S2{k)bok62{k)bok + 
^^lblk^d2{k)bokH2{k)bo + 8\T\^^lblk^S2{k)boS2{k)bok + 
^^lblk''62ik)bok52{k)bo + MT\»(.lblk^d2{k)blk''d2{k)bok + 
'^^2blk^S2{k)blk*52{k)bo + AIt]"^ ^^b^k^ 62{,k)blk^ 62{k)bok + 

^£,lblkH2{k)blkH2{k)bo. 



B The 62 term of d^k'^d 

The 62 term of the second operator, namely d*k^d, is equal to 

+eibo6i{k^)b„6i{k^)bo + neiboSi{P)bo52{k^)bo 

+ Tieibo52{k^)bo5i{k^)bo + 2Ti^,^2boSi{k^)bo5,{k^)bo 

+ iT2&odi{P)bo62{P)bo + tT2eibod2{P)bo6i{P)bo 

- 2iT266&o5i(fc^)&o^i(fc^)&o + 2eiblk''5l{k'')bo 

+ eiboSi{k-')bokSi{k)bo + eibo5iiP)boSi{k)bok 

+ TU!boS2{k^)boS2{P)bo + TUii2bo6i{e)bo62iP)bo 

+ TUi^2boS2{k^)boSi{k^)bo + TUIbo5i{P)bo5iik'')bo 

+ 2iTiT2eihMk^)hMk^)b^ - 2iT,T2&oSi{k^)boSi{k'')bo 

+ 4Ti^fblk^6i62ik^)bo + TieiboSiie)bok62{k)bo 
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+ neik>Sl(k^)boS2(k)hok + Ti^!bod2{k^)bok5iik)bo 

+ Ti^lbod2iP)bo6i{k)bok + 4n^i^2blk^6l{k^)bo 

+ 2ri^i6&o5i(fc')&oMi(fc)6o + 2n^i^2bo5iik'')boSi{k)bok 

- TieiboS2{k^)boS2{k'')bo + T|66&o'5i(fc')&o'52(fc2)6o 
+ Ti^i^2bo62{k^)bo6i{P)bo - TiaboSi{P)bo6i{P)bo 
+ 2iT2^fblk''5i52ik'')bo - iT2^fbo5i{k'')bok62{k)bo 

- iT2^fbn5i{k'^)boS2{k)bok + iT2^lba52{k'^)bakSi{k)ba 
+ iT2eiboS2ik^)bo6i{k)bok - 2iT2ii^2blkHl(e)bo 

+eibikHi{k)bo+2e,bikH,{k)^bo 

+ eiblkHl{k)bok + 2TUlblkHl{e)b^ 
+ ^rUi^2bie6i52{P)bo + 2Tf^r^2bodi{e)bok52{k)bo 
+ 2Ti^i^2boSi{P)bo52{k)bok + 2TUi^2boS2{k^)bokSi{k)bo 
+ 2TUiC2boS2ik^)boSi{k)bok + 2TUibieSl{k^)bo 

+ 2iTiT2^lbie5l{k'')bo - 2iTiT2^i^2bo6i{e)bok62{k)bo 

- 2iTiT2^i^2boSi{k^)boS2{k)bok + 2iTiT2^i^2baS2(k^)bakSiik)bo 
+ 2inT2^i^2boS2{k^)boSi{k)bok - 2inT2^iblk^dl{k^)bo 

+ 2ri|r|2^i6&o52(fc')&o<52(P)6o+Ti|r|2^|6o<5i(fc2)6o^2(fc2)6o 
+ Ti|T|2^|feo52(fc')foo'5i(fc2)6o + 2neiblk^,S2ik)bo 
+ 2Ti^fbiedi{k)52{k)bo + 2Ti^fbieS2ik)di{k)bo 
+ 2TiQbie5i52{k)bok + 2n^i^2blk^6Uk)bo 
+ 4Tia6&ofc''5i(fc)'feo + 2n^i^2blk^Sl{k)bok 

+ 2lT2\T\Hli2bo62{P)bo62{P)bo - tT2\T\^ ^jbo6i{P)bo62{P)bo 

- iT2|T|2^|6o52(fc2)6o5i(fc2)6o + \T\^eiboS2ik^)bakS2ik)bo 
+ \T\^eiboS2{k^)boS2{k)bok + Mr\^^i^2bieSi52{P)bo 

+ \T\^^lboSi{P)bok6i{k)bo + \T\^(jbod,{P)bodl{k)bok 

+ ^r!^i^2bieSi62ik)bo+4TUi^2blPS,{k)S2ik)bo 

+ ^Tl^l^2blk^S2{k)Si{k)bo+4TUl^2blk^S,52{k)bok 

+ 4ri|T|2ei6&gfc2j2(fc2)&o + 2ri|r|2ei66o'52(fc')&ofc'52(fe)6o 
+ 2ri|T|2^i66o<52(fc2)6o52(A;)6ofc + 4Ti|T|2^|62^2^i<52(fc2)&o 

+ Ti\T\^^jboSi{k^)bokS2{k)bo + Ti\T\^^lboSi{e)bod2{k)bok 
+ Ti\T\^^iboS2{P)bokSi{k)bo+n\T\^^lboS2{e)boSiik)bok 
+ 2iT2\T\'^l^2blk^Si{k^)bo - 2tT2\T\^e2blk^Si62{k^)bo 

- iT2\T\^&boSi{P)bokd2{k)bo - tT2\T\^^jboS,{k^)boS2{k)bok 

+ iT2\T\''i^bo62ik^)bokSiik)bo + iT2\Tmibo62ie)bo6i{k)bok 

+ \T\^aboS2{k^)b„62{k')b, + \T\^eiblk^5Uk)bo 

+ 2\T\^lblk^62ik)%o + \T\^eiblkHl{k)b„k 

+ \Tn2b'ok'Sfik)bo + 2\T\^ablk^6,ik)^o 

+ \TnibiesUk)bok + 2n\T\^^i^2blk^6iik)b, 

+ 4Ti|Tpei6&ofc''52(fc)26o + 2n\T\-'i,^2blk^Slik)bok 

+ 2Ti\T\^^jblPSi62(k)bo + 2Ti\T\^^jblPdi{k)d2ik)bo 

+ 2Ti\T\^^iblPS2{k)diik)bo + 2n\T\^ ^^blk^6i62{k)bok 
+ 2\T\^e2blk^Si{k^)bo + |T|4^|6o'52(fc2)&ofc(52(fc)&0 
+ \T\^e2boS2{k^)boS2ik)bok + \Tniblk^Sl{k)bo 
+ 2\T\^e2blk'62{k)'bo + \T\^e2blk'SUk)bok 

- 2^fblk^Si{k)bo6i{k'^)bo - 2^fblk'^Si{k)bok5i{k'^)bo 
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- 2Cfblk^Si{k'^)bokSi{k)bo - 2(,fblk^Si{k'^)bo5i{k)bok 

- 2ifbo5i{P)blk^6i{k)bo - 2^tbo6i{P)blk^Si{k)bok 

- 2n^fblk^Sr{k)bo52ik'')bo - 2n^fblkH2{k)boSr{k'')bo 

- 2n^fblk^Si{k)bokS2{k-')bo ~ 2n^fblkH2ik)bakS,{k^)bo 

- 2Ti^fblk^6i{k^)bokS2{k)bo - 2Ti^tbie6i{e)bod2{k)bok 

- 2n^fblk'^d2{P)bok6i{k)bQ - 2n^fblk'^d2{P)bQ6i{k)bQk 

- 2T,^fboSi{k'')blk^52{k)bo - 2Txeiho5i{k^)hlkH2{k)bnk 

- 2Ti$,tbo52{e)blkHi{k)bo - 2Ti^tboS2{P)blP6i{k)bok 

- 8n^U2blP6i{k)bo5i{k^)bo - 8n^U2blk''5i{k)bok5i{k'')bo 

- 8riC?6&ofc''^i(fc')^oMi(fc)6o - Sn^U2blk-'Si{e)boSi{k)bok 

- STi^U2bo6i{k'')blk^Si{k)bo - 8n^U2boSiie)blk''Siik)bok 

- 2iT2^fblk^Si{k)bo62{k'^)bo - 2iT2^fblk'^Si{k)bokS2{P)bo 

- 2iT2^fblk^S2{k^)bokSi{k)bn - 2iT2ifblk^2{k'')bnSi{k)bok 

- 2iT2^fbn62{k^)blk:^Si{k)bo - 2iT2^tboS2ik^)blkH,{k)bok 

+ 2iT2ei^2bf>k''S,ik)bo5,{k^)bo + 2iT2ei^2blk^Si{k)bokS,{e)bo 
+ 2iT2^U2blkHiiP)bok5i{k)ba + 2iT2^f^2blk^SiiP)boSi{k)bok 
+ 2tT2(U2boSi{k^)blk^6i{k)bo - 2iT2^U2bodi{k^)blk^6i{k)bok 

- 4^tblk^dlik)bo - 8^f&3fc4<5i(fc)26o 

- A^fblk^5l{k)bok - 6^fblk^Si{k)bakSi{k)ba 

- 6^fblk^dilk)bo6i{k)bok - 6^fblk^5i{k)bok^5i{k)bo 

- 6^tblk''6i{k)bok6iik)bok - 2Tf^fblk^2{k)bo52ik'')bo 

- 2TUtblk^S2{k)bQkS2{k^)bo - 2TUtblk^S2{k^)bokS2{k)bo 

- 2TUtblk^62ik^)bo62{k)bok - 2TfeiboS2{k^)blk^S2{k)bo 

- 2TUtboS2{PHk^62ik)bok - 6Tfei^2blk^i{k)boS2{k'')bo 

- 6TUU2blk^S2{k)boSi{k^)bo - 6Tfei^2blk^6i{k)bokS2{k^)bo 

- 6T?&^2blPS2{k)bokdi{e)bo - 6Tl^U2bieSiie)bokd2ik)bo 

- Qrl^U2blPSi{P)boS2{k)bok - 6Tf^f^2blk^62iP)bok6iik)bo 

- Grfei^2blPS2{e)boSi{k)bok - 6TUf^2boSi{e)blk^S2{k)bo 

- &ri^f^2bo5i{e)blk^52{k)bok - 6TUU2boS2{k^)blkHi{k)bo 

- Qri^U2baS2ik^)blk^S,ik)bok - 10Tfei&lk^Siik)b„6iik^)bo 

- lOTUK2blPdi{k)bokdi{P)bo - 10TUU2blk^Si{P)bokSi{k)bo 

- 10TUie2blk^S,{P)boSi{k)bok - 10Tieie2boSi{k^)blk^6iik)bo 

- lOTUHIboSi{k^)blPSi{k)bak - 2inT2^fblPS2ik)bo52iP)bo 

- 2inT2^fblkH2{k)bokS2{k^)bn - 2iTiT2^fblkH2{k^)bokS2{k)bo 

- 2inT2Ctbie52{P)bo62{k)bok - 2iTiT2^tboS2{k^)bie62{k)bo 

- 2inT2^tboS2{k^)blk^S2{k)bok - 6inT2ei^2blk^5,ik)bo62{k^)bo 

+ 2inT2^U2blk^S2{k)bo5i{k^)bo - 6iTiT2^U2blkHi{k)bokS2{k^)bo 
+ 2iTiT2^U2blPS2{k)bokdi(e)bo - 2lTiT2^U2blk^Si{P)bokd2{k)bo 

+ 2iTiT2^U2blk^Si{k^)bo62{k)bok-6inT2eibblk^S2{k^)bok6iik)bo 

- GiriT2ei^2blk^S2{k^)boSi{k)bok + 2iTiT2ei^2boSi{k^)blk^S2{k)bo 

+ 2inT2^f^2bo6l{k^)blkH2{k)bok - 6lTiT2^f^2boS2{k^)blk^,{k)bo 

- 6inT2^U2boS2iP)bie6iik)bok + 6iTiT2^Kiblk^6iik)bo6iie)bo 
+ 6inT2ei^jblk^S,{k)bokMk^)bQ + 6iTiT2(Uiblk^Si{k^)bokMk)bo 
+ 6inT2ei^jblk^5i{k^)bo5i{k)bok + 6iTiT2^l^jbodi{P)blP6iik)bo 
+ 6iTiT2ei^ibo6i{k^)blP6i{k)bok - 8Ti^tblk''6i52{k)bo 

- 8n^fblk''6i{k)62{k)bo - 8n^fblk''62{k)6i{k)bo 
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- 8Ti^tblk%52{k)bok ~ 6Ti^tblk''Si{k)bokS2{k)b„ 

- QTi£,iblk'^6i{k)bo52{k)bok - 6Ti^tblk^62{k)bokSi{k)bo 

- 6n^fblk^S2{k)boSi{k)bok - 6n^fblk^6i{k)bok^52{k)bo 

- 6Ti^fblk'^Si{k^bokS2{k)bok - QTi^fblk'^S2{k)bnk'^Si{k)bo 

- 6Ti^tblk^h{k)bok6i{k)bok - 16ri^f6&o^^<5?(A;)6o 

- 32nei^2blk^Si{k)Ho - 16nei^2blk^Sl{k)bok 

- 2ATiifi2blk^di{k)bok5i{k)bo - 24Ti^U2blk^5i{k)boSi{k)bok 

- 2ATi^U2blP6i{k)boe5i{k)bo - 24n^U2blPSi{k)bokdi{k)bok 

- 2\T\^^f^2blk^Sr{k)bo52{k^)bo - 2|T|2^?6^'ofc^^2(fc)6o^i(fc')&o 

- 2\T\^ei^2blk^Si{k)bakS2{k^)bo - 2\T\^ei^2bieS2{k)bokMk^)bo 

- 2\T\^^U2bie6i{k^)bok62ik)bo - 2\T\^^U2blk''6iie)bo62{k)bok 

- 2\T\^ei^2blk-'S2{k^)bokSi{k)bo - 2|r|2^?6^'ofc^^2(/e2)6o<5i(fc)6o/e 

- 2\T\^eii2boSi{k^)blk^S2{k)bo - 2\T\HU2boSi{k^)blk^S2{k)bok 

- 2\T\^ei^2boS2{k^)blP5,{k)bo - 2\T\^^U2boS2{k^)bieSi{k)bok 

- 2\T\^ie2blk^Siik)bod,{k^)bo - 2\T\^ei^iblk^5,{k)bokSi{k^)bo 

- 2\T\^eie2blk^S,{k^)b„k5i{k)bo - 2\T\^eie2blkH,{k^)bo5,{k)bok 

- 2\T\me2boSi{k^)blk^S,{k)bo - 2\T\'eie2boSi{k^)blk'6,{k)bok 

- ^rUU2blkH2{k)boS2{k-')bo - ATUU2blkH2{k)bok52{k'')bo 

- ^Tf^U2blk^S2ik^)bokS2ik)bo - 4Tf^U2blkH2iP)b„S2ik)b„k 

- ^Tl(l^2hMk^)blkH2(k)bo - 4Tt^U2boS2{k^)blP62{k)bQk 

- ^T!eie2bf>kHi{k)boS2{k^)bo - iT^eie2bik'S2{k)boSi{p)bo 

- ^T!ei^iblPS,{k)bokS2{k^)bo - 'iT!ei^iblkH2{k)bokSi{k^)bo 

- ^Ti^HiblP6i{k^)bok62{k)bo - 4T!ei^iblPd,{P)bo62ik)bok 

- ^rl^l&lk^2{k^)bokSi{k)bo - ATU!&lkH2{P)boSi{k)bok 

- ATUUIboSi{P)blk^S2{k)bo - 4Tfeie2boSi{e)bieS2{k)bok 

- ^riei&o52{k^)blkHi{k)bo - 4T!ei&oS2{k^HPdi{k)bok 

- ^rUi&lk^Si{k)bo6iik-')bo - 4Ti^i^lblPdi{k)bok6i{k'')bQ 

- ^T!^i^iblPSi{P)bok5,{k)bo - 4Tf^,^lblPd,{P)boSi{k)bok 

- ^rUi^lbo6i{e)blPdi{k)bo - 4TUi^lboSi{P)bieSi{k)bok 

- 4iTiT2^f^2blk^62ik)bo62ik'')bo - 4zT2T2C?6&gfc252(fc)&ofc<52(fc')&0 

- '^iT!T2^U2blPS2{P)bokd2{k)bo - 4tTlT2^U2blk^52{P)boS2{k)bok 

- MTfT2^U2boh{k^)blPS2ik)bo - 4iTlT2^U2boS2{k^)blP62{k)bok 

- 4iTfT2ei&lPSi{k)bo52{k^)bo + 4iTlT2eie2blk^S2{k)bo6i{k^)bo 

- ^iTfT2^f^jblPSi{k)bok52{k^)bo + AiTlT2ei&ie52{k)bok5i{k^)bQ 
+ 4iT2r2eKI&ofc''5i(fc2)6oM2(fc)6o + AiTlT2eiilbie5i(e)bo52{k)b^k 

- 4iT^T2ei^iblk^S2{k^)b„k6iik)bo - 4tT^T2ei^lblk^52ik^)bo5i{k)bok 
+ AiTh2^UiboSi{P)blk^S2{k)bo + 4iTlT2ei^lboSi{e)blPS2{k)bok 

- AiTfT2^UiboS2{k^)blPSi{k)bo - ^tTh2ei&boS2{P)blPSi{k)bok 
+ 4iTfr2eiei&ofc'^i(fc)6o5i(/c2)&o+4«T2T2CiC|&ofc''5i(fc)&oMi(fc2)6o 
+ ^iT!r2^i(iblk^Si {k^)b„kA ik)bo + 4tTiT2^,^lblkH, iP)bo6, {k)bok 
+ AiTlT2^iS,lbo5i{e)blkHi{k)bo + AiTlT2iie2bo5i{k^)blkHi{k)bok 

- 4TUtblk^Slik)bo - 8TUtb'ok%ikno 

- ATUtblk^Sj{k)bok - 4TUfblkH2{k)bokS2{k)bo 

- ATUtblk'^52{k)bo62{k)bok - ATUtblkH2{k)bokH2{k)bo 

- 4T^^fblk^62{k)bokS2{k)bok - 24TUU2blk^6i62{k)bo 

- 24TUU2blk%{k)62{k)bQ - 2ATfei^2blk^62{k)6i{k)bo 
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- 24Tf£,f^2bf>k%S2{k)bok - 20TUU2blk^^i{k)bok52{k)bo 

- 20TUU2blk^6i{k)bQd2{k)bok - 20TUU2blk'^S2{k)bok6i{k)bQ 

- 20Tf^f^2blk^S2{k)boSi{k)bok - 20T^^f^2blPdi{k)bok'^d2{k)bo 

- 20T^ei^2blk^Si{k)bnkS2{k)bok - 20T^ei^2blk^S2{k)bok^5i{k)bo 

- 20TUU2blk^62{k)bQk6i{k)bok - 2QT^^UIblk^6l{k)bo 

- ^OrUHIblkH.ikfbo - 20TUKIblk^Sl{k)bok 

- 28T^^U^blk^5i{k)bok5i{k)bo - 28T'}Cl^jblk^5i{k)boSi{k)bok 

- 28TUKiblk^6ilk)bok'^6i{k)bo - 28TUUiblk^ Si{k)bokdi{k)bok 

- 4ri|r|2,ei6&ofc'^2(fc)6o52(fc2)6o - 4ri|r|2,ei6&ofc'^2(fc)6oM2(fc2)6o 

- in\T\^ei^2b^ok^S2{k^)bokS2{k)bo - ^n\T\^ei^2blk^S2{e)boS2{k)bok 

- 4ri|r|2^3^26o(52(fc2)62fc3,52(fc)5o - 4Ti\T\^U2boS2ik^)blk''S2{k)bok 

- 8n\T\^ei^lblk^Si{k)boS2{e)bo - 8n\T\^ei^lblk^S2{k)boS,{k^)bo 

- Sn\T\^ei^lblk'S,{k)bokS2{k^)bo - 8T,\T\HU2blk'S2{k)bokMk')bo 

- 8n\T\^U2blk^Si{k^)bokd2{k)bo - 8n\T\^eie2blk^Si{P)boS2{k)bok 

- 8n\T\^eie2blk^S2{k^)bok6iik)bo - 8TM^ei^lbie52{k^)bo5^{k)bok 

- 8ri|T|2^2^|6o<5l(fc2)62fc3^2(fc)^^ _ 8^^|^|2^2^2^^5^(fc2)^2fc2^2(fc)^^fc 

- 8ri|T|2^2^|6od^2(fc2)62p<5i(A;)6o - 8x11x12^2^160-52(^2)62^2^^^^);,^^ 

- 4ri|r|2^i^|62p(5i(fc)6o5i(fc2)6o - 4ri|r|2^i^|62fc25i(fc)6oMi(fc2)6o 

- 4Ti|T|2^i^|62fc2,5i(fc2)feofc<5i(fc)6o - At^^ ^i^lblkH,{e)b^5^{k)bok 

- 4ri|T|2eiC|6o(5i(fc2)62fc3,5i(fc)6o - ATi\T\''^iS,lb,Mk^)blkHi{k)bok 

- 2iT2\T\''^U2bie62ik)bo62{k'')bo - 2iT2\T\^(f^2blk^S2{k)bok52ik'')bo 

- 2lT2\T\^ei^2blPS2{P)bokS2{k)bo - 2iT2\T\^ei^2bie52{k^)boS2{k)bok 

- 2lT2\T\^(U2boS2{k^)blPS2{k)bo - 2lT2\T\^^U2boS2{k^)blP62{k)bok 

- 2iT2|r|2^2^2^2fc3Ji(fc)6o52(fc2)6o + 2ir2|T| 2^2^162 fcS^^ (fc)6o^i (fc2)6o 

- 2iT2\T\^ei&lk^Si{k)bok52{k^)bo + 2iT2\T\^ei^jbieS2{k)bokSi{k^)bo 
+ 2iT2\T\^ei&b''„k^5i{k^)bokd2{k)bo + 2iT2\T\''ei^iblkHi{k^)bo62{k)bok 
+ 2iT2\T\^UIblPS2{k^)bokSi{k)bo - 2iT2\T\^ei^^blk^S2{e)boSi{k)bok 
+ 2iT2\T\^ei&aSi{k^)blk^S2{k)bo + 2iT2\T\^ei^iboSi{k^)blk^S2{k)bok 

- 2iT2\T\^ei^ib„52{k^)blk^Si{k)bo - 2lT2\T\^ei^jboS2{P)blk^6i{k)bok 
+ 2iT2|T|2eiei62fc3(5i(fc)6o<5i(fc2)6o + 2ir2|T|2eie|62fc25i(fc)6oMi(fc2)6o 
+ 2iT2\T\^^i^lblPSi{P)bak5i{k)bo + 2iT2\T\^^i^lbieSi{e)boSi{k)bok 
+ 2iT2\T\''ii^lbnSi{k^)blk^Siik)bo + 2iT2\T\^i^lboSi{k^)bie6i{k)bok 

- 2\T\^^fblk^62{k)bokS2{k)bo - 2\T\^^tblk^62ik)bo62{k)bQk 

- 2\T\^^fblk^S2{k)bok^52{k)bo - 2\T\^^fblk^S2{k)bok52{k)bok 

- 8|T|2e3e263fc5(5i(52(fc)6o - 8\T\^ei^2blk^Si{k)S2ik)bo 

- S\T\^^f^2blk^S2{k)6i{k)bo - 8\T\^^U2blk%S2{k)bok 

- A\T\^(U2blPSi{k)bokS2{k)bo - A\T\-'^U2blPSi{k)bod2{k)bok 

- MT\^&i2blkH2{k)bokSiik)bo - 4\T\''^U2blkH2{k)boSi{k)bok 

- 4|T|2^3^26§fc25i(A:)6oA:2^2(fc)6o - A\T\''ei^2bieSiik)bok62ik)bok 

- 4|T|2^3^262fc2^2(fc)6ofc2^i(fc)6o - 4|r 1 2^3^26^fc'<52 (/c)6ofc<5i (/e)6o ^ 

- 4|r|2e2e263fc5<52(fc)^^ _ 8|^|2^2^2^3fc45^(fc)2^^ 

- 8|T|2^2^2^2fc3^i(fc)6oMi(fc)6o - 8\T\^eie2blk^6i{k)boSiik)bok 

- 8\T\^^UjblPSi{k)boPSi{k)bo - 8\T\^^UiblP5i{k)bok6i{k)bok 

- 8TUU2blk^dUk)bo - mr!^U2blk%{k)Ho 

- 8Tiei^2blkHl{k)bok - 8rUU2blk^S2{k)bokS2{k)bo 

- STi^U2blk^S2ik)bo62ik)bok - 8Ti^f^2blP62{k)boP62{k)bo 
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- STfei^2blk-'S2ik)bokS2{k)bok - 16Tf^Uiblk^SiS2{k)bo 

- l6T!eAiblk^S,{k)d2{k)bo - l6TUK2blk^62{k)S,{k)bo 

- 16Tf^Klblk^Si52{k)bok - 16Ti^l^lblk^Si{k)bok52ik)bo 

- 16Ti^Ulblk^Si{k)boS2{k)bok - 16Tfeiilblk^52{k)bokMk)bo 

- lQTUKlblkH2{k)bo5^{k)bok - 16TUU2bok^Si{k)boed2{k)bo 

- 16Tf^f^^blk'^Siik)bokS2{k)bok - 16rfe?Cl&ofc^^2(fc)6ofc2^i(fc)&o 

- l6Ti^Uiblk'^d2{k)bokSi{k)bok - 8Tfa^2^ofc^<5?(fc)6o 

- lQrUimk%{kno - 8TU,^lblk''Sf{k)bok 

- &Tf^i^lblk^Siik)bokSiik)bo - 8T^^i^lblk'^6iik)boSi{k)bok 

- 8TUie2blk^Si{k)bok^Si{k)bo - 4\T\^eie2blk^Sl{k)bok 

- STUi^lbie6i{k)bok6i{k)bok - 10Tl\T\^Uibie62{k)boS2ik^)bo 

- 10Tf\T\^ei^lblkH2ik)bokS2{P)bo - 10T?\T\^ei^lblk^S2{k^)bokS2{k)bo 

- 10T!\T\^eie2blk^52{k^)bo52{k)bok - 10T!\T\^ei(^b„62{k')blk^S2{k)bo 

- 10T?\T\^eie2boS2{k^He62{k)bok - 6T?\T\^ie2blkHi{k)bo62{P)bo 

- 6r2|T|2aC|&gfc3^2(fc)6o^i(fc2)&o - 6r2|T|2eie|&§fc2<5i(fc)&ofc^2(fc')6o 

- 6r2|T|2ae|&§fc''^2(fc)&oMi(fc2)6o - 6Tl\T\^^,^lblk^S,{k^)bok52{k)bo 

- &Tl\T\^^,^lblP5,{P)boS2{k)bok - 6Tl\T\^^i^lbied2{P)bok6i{k)bo 

- 6T!\T\^(,e2blkH2{k^)boSi{k)bok - 6T!\T\^^i^lbo6i{e)blk^62{k)bo 

- Qri\T\^^ie2boSi{k^)blk^S2{k)bok - 6T^\T\^^,e2boS2{k^)blk^Si{k)bo 

- 6Ti\T\^^ie2boS2(k^)blk'6,{k)bok - 2Ti\T\^^lblk^S,{k)boSi{k')bo 

- 2Tl\T\^^lblk^Si{k)bokSi{k'^)bo - 2Tl\T\^^^blk'^Si{P)bok5i{k)bo 

- 2T!\T\^^lblPSi{k^)boS,{k)bok - 2Tf\r\^^%S,{P)blP5,{k)bo 

- 2Tl\T\^^lbo6i{k^)blk^Si{k)bok - 6inT2\T\^^UiblP62{k)bo62{P)bo 

- 6inT2\T\^ei^^blPS2ik)bokd2{k'')bo - 6inT2\TmUibieS2ik'')bok52{k)bo 

- 6iTiT2\T\^ei^iblk^S2{k^)boS2{k)bok - 6iTiT2 |r | 2^|6o<52 (fc^ fcS^^ (fc)&o 

- 6iTiT2\T\^^UiboS2{k^)bieS2ik)bok - 2iTiT2\T\^^i(lblk'^Si{k)boS2{P)bo 
+ 6iTiT2|rpeiei6§fc352(fc)6o5i(fc2)6o-2iTir2|T|2a^i6gfc2^i(fc)&ofc'52(fc2)6o 

+ 6iTlT2\T\^^l(lblPS2{k)bokSl{k^)bo + 6iTlT2\T\^^l^lblPSl{P)bokS2{k)bo 

+ 6inT2\T\^^i^lblk^Si{k^)bo62ik)bok - 2iTiT2\T\%^lblk^d2ik^)bok6i{k)bo 
-2iTir2|T|2ei^|62^2^2(fc')^>o<5i(fc)&oA; + 6mr2|r|2eieiMi(fc2)&2fe3j2(fc)6o 

+ GinT2\T\^^i^lbo5i{P)blk^S2{k)bok - 2inT2\T\^^i^lboS2{k^)blk^Si{k)bo 

- 2iTiT2\T\^^i^ibod2{P)blk^iik)bok + 2lTiT2\T\^^lblk^i{k)boSi{P)bo 
+ 2iTiT2\T\^lblk^Si{k)bokSi{k^)bo+2iTiT2\T\^(^blk^6iik^)bokSi{k)bo 

+ 2inT2\T\^^lb'^k^Si{k^)bnSi{k)bok + 2iTiT2\T\''^%5i{k^)b^k'^Si{k)bo 
+ 2inT2\T\mb„6i{k^)blk^6i{k)bok - 8Ti\T\^ei^2blk^6l{k)bo 

- Wn\T\^ei(2blk%ik)Ho - 8n\T\^ei^2blk^Sl{k)bok 

- 16Ti|T|2^3^2&gfc3<52(fc)&oH2(fc)&o " 16ti\t\^ &^2blk^ S2ik)b„S2ik)b„k 

- 16Ti\T\^^U2blk^S2{k)boPS2ik)bo - 16Ti\T\^^U2blPS2ik)bok62{k)bok 

- 32n\T\^eie2blk^SiS2{k)bo - 32n\T\'eie2blk^S,ik)62ik)bo 

- 32Ti|T|2^2^|&ofc''^2(fc)5i(fc)6o - 32Ti|r|2^2^|&ofc%'52(fc)&ofc 

- 20Ti\T\^ei^lblk''Si{k)bokd2{k)bo - 20Ti\T\^^UIblP6i{k)bod2{k)bok 

- 20Ti\T\^ei&blPS2{k)bok5iik)bo - 20Ti\T\-'^UIblPS2{k)bodiik)bok 

- 20Ti\T\^ei^lblk^S,{k)bok^S2{k)bo - 20Ti\T\^ei^lblk^S,ik)bokS2{k)bok 

- 20Ti\T\^ei^lblk^62{k)bokHi{k)bo - 20Ti\T\^ei^lblk^62{k)bokdi{k)bok 

- Sn\T\^^ie2blk''Slik)bo - 16n\T\^^i^lblk%{k)%o 

- 8Ti\T\-'^i^iblk^Sl{k)bok - 16n\T\-'^i^lblk^Si{k)bokSi{k)bo 
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- 16n\T\-'^i^iblk'6,{k)boSi{k)bok - 16Ti\T\^^i^lblk^S,ik)bak^S,{k)bo 

- 16Ti\T\^Ci^iblP6i{k)bok5i{k)bok - 2\T\^&Qbie62ik)bo62{P)bo 

- 2\T\^^f^lblk''52ik)bokS2{k'')bo - 2\T\^^f^^blkH2ik'')bokS2ik)bo 

- 2\T\''eie2blk^S2{k^)boS2{k)bok - 21x14^2^1 &o52(fc2)&^fc-'<52(fc)6o 

- 2\T\HUibod2{k^Ke62{k)bok - 2\T\%e2blk^Siik)bod2{e)bo 

- 2\T\%^lblk'^S2{k)boSiik'')bo - 2\T\%^lbie5i{k)bokS2{k'')bo 

- 2\T\%e2b^ok^S2{k)bokSi{e)bo - 2\T\%e2blk^5i{P)bok52{k)bo 

- 2\T\%^iblk^6i{e)boS2{k)bok - 2\T\%^ibie62{k^)bok6i{k)bo 

- 2\T\%^|blk■'S2{k^')boSl{k)bok - 2\T\%^^bo5i{k^)blk^52{k)bo 

- 2\T\%e2boSi{k^)blk^S2{k)bok - 2\T\%e2boS2{k^)blk^Si{k)bo 

- 2\T\%^lboS2{k^)blk^S,{k)bok - 20Tf\r\^eiablk'6i{k)bo 

- 40Tf\T\^^f^lblk^S2{k)Ho - 20Tf\T\^^f^lblk^Sl{k)bok 

- 28T!\T\^eie2blk^S2{k)bokS2{k)bo ~ 28T?\T\^eie2blk^S2{k)boS2{k)b„k 

- 28T?\T\^ei&lk^S2{k)boe62ik)bo - 2STf\T\^ei^2blk^S2{k)bokS2ik)bok 

- 2AT?\T\^UIb'ok''SMk)bo - 24Ti\T\^^i(ib'ik^6i{k)d2{k)bo 

- 24T2|T|2a^i6gfc4<52(fc)5l(fc)&o - 24Tf\T\^^i(iblk^SiS2{k)bok 

- 20T?\T\^^i^iblk^i{k)bokS2{k)bo - 20T?\T\^^i^lblk^5i{k)bo62{k)bok 

- 20Tf\T\^'^i(iblk^S2{k)bok6,{k)bo - 20T?\T\^^i^lblk^52{k)boSi{k)bok 

- 20Ti\T\^^,^iblkHi{k)bokH2ik)bo - 20rl\r\^^i^iblPSiik)b„kS2ik)bok 

- 20Tl\T\^^i^lbie62{k)boP5i{k)bo - 20Tf\T\^iiilblP62{k)bok6i{k)bok 

- 4T!\T\^^^b^,k'SUk)bo - 8Tf\T\^Clblk%{kfbo 

- AT!\T\^(lblk^SUk)bok - 4Ti\T\^^lblk^S,{k)bokSi{k)bo 

- 4Tl\T\^^lblPSiik)bo5i{k)bok - 4T2|r|2^|62fc2^i(fc)feofc'<5i(fc)&o 

- 4Tl\T\^^lblPSiik)bokSi{k)bok - 8n\T\^^i(lhlk^2{k)bo62{k'')bo 

- 8ri|T|4eie|62fc252(fc)6oM2(fc2)6o - Sn\T\^Uiblk^S2{k^)bokS2{k)bo 

- 8Ti\T\^^i^lblPd2{P)boS2{k)bok - 8Ti\T\%(ibo62ik^)bie62ik)bo 

- 8Ti\T\%(iboS2ik'')blk''S2{k)bok - 2n\T\^^lblk^6i{k)bo52{P)bo 

- 2Ti\T\^^tblPS2{k)boSiik^)bo - 2n\T\%blk^5,{k)bok52{k^)bo 

- 2Ti\T\^^lbie62{k)bok6i{P)bo - 2Ti\T\^^jblPdi{e)bok62{k)bo 

- 2Ti\T\^^lblPSi{P)bo62ik)bok - 2n\T\'^[,lbieS2ik^)bokSi{k)bo 

- 2Ti\T\^(lblPS2{k^)boS,{k)bok - 2n\T\^^lbo6i{k^)blkH2{k)bo 

- 2Ti\T\^^lbo5,{P)blk^d2{k)bok - 2n\T\''^lboS2{k^HkHi{k)bo 

- 2Ti\T\^^^bo52{P)blk^5iik)bok - 2iT2\T\%^lblk^2{k)boS2{k^)bo 

- 2iT2\T\%^iblP62{k)bokS2{k^)bo - 2iT2\T\%^lblPd2{k^)bokS2{k)bo 

- 2lT2\T\%^lblPS2ie)boS2ik)bok - 2lT2\T\%^lboS2{e)bied2{k)bo 

- 2iT2\T\^^i^^bo52{P)bieS2ik)bok + 2iT2\T\^^lblPS2{k)bo6iiP)bo 

+ 2iT2\T\''^lblkH2{k)bokSi{k^)bo + 2lT2|T|4e|6i^fc2^i(fc2)5„M2(fc)6o 
+ 2iT2\T\'^^lblk^6iik^)bo62{k)bok + 2lT2|T|4^|6o<5l(fc2)&2A;3<52(fc)&o 

+ 2iT2\T\^ClboSi{k^)blk^S2{k)bok - 4\T\^ei^lblk^SUk)bo 

- 8|T|4e2e|6i^fc452(fc)26o - Mr\'eie2blk^S^2ik)bok 

- 8\T\^ei&lk^S2ik)bokd2{k)bo - 8\T\^eii^blk^S2ik)bo62{k)bok 

- 8\T\^ei&blP62ik)boPS2ik)bo - 8\T\^ei&blk^S2ik)bok62{k)bok 

- 8\r\%e2bf,k^SiS2{k)bo ~ 8\T\%e2blk^S,{k)S2(k)bo 

- 8\T\%e2blk^52{k)5i{k)bo - 8\THi£,lblk''5,52{k:)bok 

- MT\%^iblk^6iik)bok62ik)bo - 4\T\^^i^iblk^6i{k)bod2{k)bok 

- MT\%^lblk^S2{k)bokSi{k)bo - 4\T\%^lblk^S2{k)bo5i{k)bok 
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- MT\%^lblk^Si{k)b„k-'62{k)bo - MT\%^lblk-'5i{k)bok52{k)bok 

- ^\T\%^iblk^S2{k)boP5i{k)bo - 4\T\%CiblP52{k)bokSi{k)bok 

- 2\T\^^^blk^Si{k)bok6iik)bo - 2\T\^^^bl0Si{k)bo6iik)bok 

- 2\T\'^^^blk'^5ilk)bok^Si{k)bo - 2\T\'^^^blk'^Si{k)bokdi{k)bok 

- 16n\r\%e2blk'Smbo - 32n\T\^^,e2blk%{kfbo 

- 16n\T\^^i^lblk^S^ik)bok - 24n\T\'^^i^lblk^52{k)bokS2{k)bo 

- 24Ti\T\%ilblk^S2{k)boS2{k)bok - 24n\T\^^i^lblk^52{k)bok^62{k)bo 

- 24Ti\T\^^i^iblPS2ik)bokS2ik)bok - 8Ti\T\^i^blk^6i62{k)bo 

- 8n\T\^^iblk^6i{k)52{k)bo - 8n\r\^^lblk^S2{k)di{k)bo 

- 8Ti\T\^^lblk^5iS2ik)bok - 6Ti\T\*^^blk''Si{k)bok52{k)bo 

- 6Ti\T\^^*biedi{k)bod2{k)bok - 6ri|r|4^4j,2^3j2(A;)6oMi(fc)6o 

- 6n\T\'^^lblk^S2{k)bo6i{k)bok - 6n\T\'^^lblk^Si{k)bok^S2{k)bo 

- 6Ti\T\^^lb''„k^Si{k)bnkS2{k)bnk - 6Ti|r|4e|62fc252(fc)6ofc2(5i(fc)6o 

- 6n\T\^^lblk^d2{k)bok6i{k)bQk - 2\Tf^lbie62{k)boS2{P)bo 

- 2\T\'^^lb^ok^62ik)bok52{k'^)bo - 2\Tf^^bie62{k^)bokd2{k)bo 

- 2\T\^^lblkH2{k^)boS2{k)bok - 2\Tf^lb„S2{k^)b^„k^52{k)bo 

- 2\T\'^^lbod2{P)blPd2ik)bok + 8^f blk^5i{k)bokSi{k)bo 
+ 8^fblk^6i{k)boSi{k)bok + 8^fb^k'^Si{k)bok^Si{k)bo 

+ 8^fblk^6i {k)bakSi (fc)6ofc + ^^iblk^Si {k)blk^i {k)bo 
+ A^fblk^di{k)blk^6i{k)bok + A^fblk^5i{k)blk^6i{k)bo 
+ 4^fblPSi{k)blk^5iik)bok + 8Ti^fblk'^Si{k)bokS2{k)bo 
+ 8TieiHk^Si{k)bo52{k)bok + 8neiblk^S2{k)bnk5i{k)bo 
+ 8TieiblkH2{k)bo5i{k)bok + 8rief6§fc4,5i(fc)6ofc252(fc)6o 
+ 8Ti^fblk^5iik)bok62{k)bok + 8n^fblk^62{k)baediik)bo 
+ 8Tiilblk'^52{k)bok5i{k)bok + 4x1^6 ^2^3^i(fc)62fc3^2(fc)6o 
+ AriQblk^Si {k)blk^2{k)bok + 'iTi^fblk^S2 {k)blk^5i {k)bo 
+ ATteiblkH2{k)bie5t{k)bok + ATteiblk^Si{k)blkH2{k)bo 
+ 4ri^5;fe2fc2^i(fc)fe2fc3<52(fc)6ofc + 4Tie?&2fc2^2(fc)fegfc4<5i(fc)&o 

+ 4Ti^fi62fc252(fc)fe2p5^(fc)^^fc^48^^^5^2^3^5^^(fc)^^^^^(^)j,^ 

+ A8TiS,l^2blkHi{k)ba6i{k)bak + A8Tiei^2blkHi{k)boe5i{k)bo 

+ 2ATiiU2blk''5i{k)bie5i{k)bok + 2AT^eii2bie 5i{k)blkHi{k)bQ 
+ 2ATiiU2blkHi{k)blkHi{k)bok - A\T\''£,^blk^6l{k)bQ 

- 8\r\^e2hlkH2{kfb„ - A\T\^e2hlkHl{k)b„k 

- Q\T\''i^blk^62{k)bok52{k)bo - 6\T\^^lblk^62ik)bo62{k)bok 

- 6\T\^^lblk''52{k)bok''52{k)bo - 6|r|6^|6gfc252(A:)6oM2(fc)6ofc 
+ 8TUfblk^52{k)bokS2{k)bn + 8TUfblk^S2{k)boS2{k)bnk 

+ 8TUiblk''62ik)bok^62ik)bo + 8TU!b^ok''62{k)bok62ik)bok 
+ 4Tf^fblk^52{k)blk^S2{k)bo+4TUfblk''62{k)blkH2{k)bok 
+ ATieiblk''52{k)blkH2{k)bo + ATieiblk''52{k)blk^52{k)b^k 
+ ^OTUU2blk''6i{k)bok62{k)bo + A0TUU2blk''6i{k)bod2{k)bok 
+ 40TUU2b^ok^S2{k)bok5i{k)bo + 40TUU2blk^52{k)bo6i{k)bok 
+ 40TUU2blk%{k)bok^S2{k)bo + 40Tfei^2blk%{k)bokS2{k)bok 
+ '^OTUU2blk^S2{k)boP6i{k)bo + AOTUU2blk^62{k)bokdi{k)bok 
+ 20Ti^U2blk^Si{k)blk^S2{k)bo + 20Ti^U2blk^Si{k)blk''S2{k)bok 
+ 2QTl^l£,2blk^52{k)blk^5i{k)bo + 20rf^f6^o'^^<^2(A;)6^fc2<5i(/e)6oA; 
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+ 20Tf£,U2blk^Si{k)blk%{k)bo + 20Tiei^2blk^Si{k)blk^S2{k)bok 
+ 20TUU2blk^62{k)blk*5i{k)bQ + 20TUU2blk^62{k)blk^6i{k)bok 
+ 104Tf^f^^blk^di{k)bokSi{k)bo + 104Tf^f^^blk^di{k)bodi{k)bok 
+ l04T^^f^^blk%ik)bok^Si{k)bo + l04TfCf^^blk*5i{k)bokSi{k)bak 
+ h2Timiblk^5^{k)blk^5i{k)bQ + 52TUt^^blk^Si{k)blk^di{k)bok 
+ 52T^^f^^blk'^6iik)blk^S-iik)bo + b2Tlif^lblk'^6i{k)blk^6x{k)bok 
+ S\T\^ei^2blk^Si{k)bokS2{k)bo + 8\T\-'ei^2blk^S,{k)bo52{k)bok 
+ 8\T\^iU2blk^62{k)bQk6i{k)bQ + 8\T\HU2blk^62{k)bodi{k)bok 
+ 8\T\''^U2blk^Si{k)bok''62{k)bo + 8\T\^^U2blk^Si{k)bok62{k)bok 
+ 8\T\^ei^2blk%{k)bok-'5i{k)bo + 8\T\-'ei^2blk*S2{k)bokMk)bok 
+ 4|T|2e5^26^fc3,5i(A;)62A;3<52(fc)6o + 4|r|2^5^2&gA;3<5i(/e)fo2/e252(A;)6ofc 
+ 4\T\^e^^2blk''S2{k)blk^Si{k)bo + 4|r|2^f 6&o^^^2(/c)6g/e25i(fc)6ofc 

+ 4|T|2^f6&fifc''^l(fc)&fifc^'52(fc)6o+4|T|2efC2&gfc25i(fc)&2fc3<52(fc)6ofc 

+ 4|T|2^fe26^fc'<52(fc)6gfc%(/e)6o+4|rpefe2&gfc2<52(fc)&2fc3j^(^);,Qfc 

+ 16|T|25tCl^ofc'^i(fc)^oMi(/e)6o + 16\T\''^t^^blk'>Siik)boSi{k)bok 
+ 16\t\^ ^Uibf,k%{k)bok^Si{k)bo + 16|r|2^4^|63fc4^i(fc)6oMi(fc)&ofc 
+ 8\T\^^UIb^„k^Si{k)blk^6i{k)bo + 8\r\^^fCiblk^6i{k)blk''6i{k)bok 
+ 8\TWte2blkHi{k)blkHi{k)bQ + 8\T\me2blkHi{k)blk^5i(k)bQk 
+ 32Tf^f^2bf>k'>62{k)bakS2{k)bo + 32Tfef6&ofc^'^2(fc)&o'52(fc)6ofc 
+ 32Tfei^2blk^S2{k)bok^S2{k)bQ + 32Tiei^2blk''d2{k)b„k62{k)bok 
+ 16Tfei^2blk^S2{k)blk^62{k)bo + WT!ei^2blk^d2{k)blk^2{k)bok 
+ lQT!^U2blk^S2{k)blk%{k)bo + 16Tfei^2blk^S2{k)blk^S2{k)bok 
+ Q^T!^Uiblk^Si{k)b„k62ik)bo + 64T!^Uib^ok''6i{k)bQ62{k)bQk 
+ Q^T!^Uiblk^62{k)bok6i{k)bo + MTf^tQb^ok^62{k)boSi{k)bok 
+ 64TfetC|foofc^'5i(fc)6ofc'(52(fc)6o + 64Ti^U^blk^Si{k)bok52{k)bok 
+ 64Tfete|foofc^'52(fc)6ofc2(5i(A;)6o + 64Tf e^C|&gfc^(52(fc)6oMi(fc)6oA: 
+ 32Ti^f^^blk^Si{k)blk^S2{k)bo + 32T^^f^^blk^Si{k)blk^2{k)bok 
+ 32TUie2blkH2{k)blkH^{k)ba + 32Tieie2blkH2{k)bie5r{k)bak 
+ 32TUlilblP5i{k)blkH2{k)bo + 32TUl^lblP5x{k)blk''52{k)bok 
+ 32Ti^f^^blk^S2{k)blk^Si{k)bo + 32Ti^f^^bieS2{k)blk^Si{k)bok 
+ 96Ti^f^lblk^Si{k)bokSi{k)bo + 96Tf^f£_lblk'^Si{k)bnSi{k)bnk 
+ 96TUU2bok'^Si{k)bak'^Si{k)ba + 9QTUKlblk^5i{k)bok5i{k)bok 
+ A8TUK2blk^6i{k)blk^6i{k)bn + A8TUlQblk^5i{k)bie5i{k)bok 
+ ^8TUUIblPSi{k)blk'^Si{k)bo + 48TUU2blkHi{k)blPSi{k)bok 

+ 16Ti\T\''ei^2blk^S2ik)bokS2ik)bo + l6Ti\T\^ei^2blk'>62ik)b„S2{k)bok 

+ 16Ti\T\^ei^2blk^52{k)bok^S2{k)bo + 16Ti\T\^ei^2blk%{k)bok52ik)bok 
+ 8Ti\T\^ei^2blk-^62{k)blk-^S2{k)bo + 8Ti\T\^ei^2blk^S2{k)bieS2{k)bok 
+ 8Ti\T\^ei^2blPS2{k)blk^S2{k)bo + 8Ti\T\''ei^2blPS2{k)blPd2{k)bok 
+ 56Ti\T\^^U^blk''Siik)bok62ik)bo + 56Ti\T\^U^blk^Siik)bo62ik)bok 

+ 56Ti|T|2e4^|&3fc5^2(fc)feoHi(fc)&o + 56Ti\T\^^t^lblk''S2{k)boSi(k)bok 

+ b6Ti\T\^^f^lblk^6iik)bok^S2{k)bo + 56Ti\T\^^UIblk^6i{k)bok62{k)bok 
+ 56n\T\^^U^blk''62{k)bok^di{k)bo + 56Ti\T\^^U^blk''52{k)bokSi{k)bok 
+ 28T,\T\^eie2blkH,{k)blk^d2{k)bo + 28T,\T\^eie2blk'S,{k)hlk^S2{k)bok 
+ 28Ti\T\^^UIblk-'62{k)blk-^Si{k)bo + 28Ti\T\^^KIblk-'62{k)bf.,k^6i{k)bok 
+ 28Ti\T\''^t^^blPSi{k)blk^S2{k)bo + 28Ti\T\^^t^^blP6i{k)blk''62{k)bok 
+ 28n\T\^^f^lblk^62{k)blk%{k)bo + 28n\T\^^f^^blP62{k)blk^6i{k)bok 
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+ 64Ti\r\-'ei^lblk''Siik)hok5i{k)bo + 64Ti|T|2^3^|63fc5,5i(fc)6o<^i(fc)&ofc 
+ 6ATi\T\^^U2blkHi{k)boP6i{k)bo + 6^Ti\T\^^U2blk''5i{k)bok6i{k)bok 
+ 32Ti\T\'^^f^^blk^Si{k)blk^5-L{k)bo + 32ri|Tp^?^|6^A;3^i(fc)6^fc2^i(fc)6ofc 
+ 32Ti\T\^ei^lblk^5i{k)blk^Si{k)bo + 32n\T\^^f^lblk^Si{k)blk^Si{k)bok 
+ 32Tf^t^iblk^S2{k)bokd2{k)bo + 32T^^t^iblk'^62{k)bo62{k)bok 
+ 2.2Tf(,i^lblk^S2{k)boe52{k)bo + 2,2Tf(,i^lblk^52{k)bok82(k)bok 

+ l(iTUUlbie52{k)blkH2{k)bQ + 16THUiblk^62{k)blk^62{k)bQk 
+ 32Tf^f^iblk^Si{k)bokS2{k)bo + 32Tf^f^lblk^Si{k)boS2{k)bok 
+ 32Tt^f^lblk^52{k)bnkSi{k)bo + 32Tfei&lk''52{k)bah{k)bak 
+ 32Ttil£,lblk^5i{k)bQe52{k)bQ + 32T^il£,lblk''5i{k)bQk52{k)bok 
+ 32Tt^l(,lblk^52{k)bQk'^5x{k)bo + 32Tt^l(,lblk^52{k)bQk5x{k)bok 
+ l(!>Tt^UlblkHi{k)blk^52{k)b„ + lQTtS:{S,lblkHr{k)blk''52{k)b„k 
+ l(iTtil£.lblkH2{k)bie5i{k)bQ + lQTts:iS,lblkH2{k)bie5i{k)bQk 
+ l&Tteii2blk^h{k)blk^52{k)bo + 16r4^f^2'62fc2^,(;,)52^3j2(fc)6ofc 
+ l%TtS:i£,lblk^52{k)blkHi{k)b„ + 16T4e?^|6^fc2^2(fc)&^fc35i(fc)6ofc 
+ 32TUl£.tblk'^5i{k)bnk5i{k)bo + 32TfC?Cl&ofc5(5i(fe)6o'5i(fc)6ofc 
+ 32ri4^?C|&i^fc45i(fc)6ofc25i(fc)6o + 32Tt(i£,^blk^5i{k)bQk5i{k)bok 
+ 16rf£_f^lblk^i{k)blk^Si{k)ba + 16Tf£_f^lblk^6i{k)blP5i{k)bak 
+ mTf^fClblk^i{k)blk^6i{k)bo + 16Tf^UlblkHi{k)blk^6i{k)bQk 
+ 80Tf\T\^ei&lk^S2ik)bok62ik)bo + 80Tl\T\^^f^iblk^62ik)bo52ik)bok 

+ 80Ti\T\^^Uiblk^S2{k)bokH2{k)bo + 80Tf\T\^^f^^blk%{k)bok52{k)bok 

+ mTi\T\^^f^iblk^62{k)blk^62{k)bo+40Tf\T\^^U^^^^^ 

+ 40Ti\T\^^f^lblPS2ik)blk^62{k)bo+^0T^\T\^(UjblPS2i^^^^^ 

+ n2Ti\T\^ei^lblk''Si{k)bokS2{k)bo + n2Tf\T\^ei^lblk^Si{k)baS2{k)bok 

+ n2Tl\T\^(Uiblk''S2{k)bok5i{k)bo + n2Tf\T\''^UIblk'^d2{k)boSiik}bok 

+ U2Ti\TmUiblk%{k)bok^S2{k)bo + n2Tf\T\^ei&blk%{k)bok62{k)bok 

+ n2T?\T\^ei^2blk%{k)bok^Si{k)bo + n2T?\T\^ei^iblk%{k)bokSi{k)bok 

+ 56Ti\T\^ei^lblk^Si{k)blk^S2{k)bo + 56Tf\T\^ei^lblk^Si{k)blk^S2{k)bok 

+ 56Ti\T\^ei^lblk-^S2(k)blk^Si{k)bo + 56Tf\T\^^(^^^^^ 

+ 56Ti\T\^ei^2blk^Si{k)blk''S2{k)bo + 56Tf\r\^ei^lblk^Si{k)blk^S2{k)bok 

+ 56T2|T|2^3^ifeofc''52(fc)fe§fc%(fc)6o + 56Tf\r\^ei^lblk^d2{k)blk^Si{k)bok 

+ 80r2|r|2^2^|feofc''^i(fc)&ofc'5i(fc)6o+80r2|r|2^2^|&oA;''^'5i(fc)feo<5i(fc)6ofc 

+ 80Tl\T\^^f^^blk^5i{k)bok^Si{k)bo + 80T^\T\^^UIblk^6i(k)bok5i{k)bok 

+ ^0Ti\T\^ei^lblk^6i{k)blk'6i{k)bo+40Tf\T^^ 

+ 40Ti\T\^ei^lblk^Siik)blk%ik)bo+40Tf\T\^ei(lblk^Si{k)bl^^ 

+ S\T\^^Uibok''S2{k)bok52{k)bo + 8\T\''^U2blk^h{k)boS2{k)bok 

+ &\rHt&blk^S2{k)bokH2{k)bo + 8\T\^^t^jblk%{k)bokS2{k)bok 

+ Mr\^eie2blk^62{k)blk^62ik)bo + 4\T\^eie2blk^52ik)bie62ik)bok 

+ MrHte2blk^S2{k)blk''S2{k)bo + 4\T\^eie2blkH2{k)blk^S2{k)bok 

+ l6\T\^^UIblk''6i{k)bokS2{k)bo + l6\T\^^f^lblk^di{k)bo62{k)bok 

+ 16\T\''^UIblk'62ik)bokSiik)bo + 16|r|4e?C|&3fc5<52(fc)&o5i(fc)6ofc 

+ ie\T\^^UIblk%{k)bok^S2{k)bo + 16\T\^^UIblk^S^{k)bok52{k)bok 

+ l6\T\^^UIblk^S2{k)boP6i{k)bo + 16\T\^^U2blk^S2{k)bakMk)bok 

+ 8\T\*^UIblk^Si{k)blk^62{k)bo + 8\T\^ei^lblk^5i{k)blk^S2{k)bok 

+ 8\T\''ei^lblk^d2{k)blk^Si{k)bo + 8\T\''ei^lblk^62{k)blP6i{k)bok 
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+ 8|r|4C3ei52fc2<5i(fc)62fc4^2(fc)6o + 8|r|4^3^i&2fc25i(fc)&2fc3<52(fc)&ofc 

+ 8|r|4^3^|62fc2<52(fc)62fc4^i(fc)5o + 8\T\HUIblk^himk^6i{k)bok 
+ S\T\^^Uyok^6iik)bokSi{k)bo + 8\T\''^f^lblk^6i{k)boSiik)bok 

+ 8\T\^ei^lblk%{k)bak^S,{k)bo + 8\T\*ei^lblk%{k)bokSi{k)b„k 
+ Mr\HU2blk'S,{k)blk'6i{k)bo + 4\T\^ei^lblk'S,{k)blk^S,{k)bok 
+ MT\^^UIblk''5iik)blk^Si{k)bo + 4\T\^^f^lblkHiik)blk^Si{k)bok 
+ 96Tf\T\-'ei&lk^S2{k)bokS2{k)bo + 96Ti\T\-'ei^lblk^S2{k)boS2{k)bok 
+ 96T!\T\^^U2blk''52{k)bok^S2{k)bo + 96T!\T\^ei^2blk%{k)bok52{k)bok 
+ 48T^\T\^^UIblkH2{k)blk^S2{k)bo + 48T^\T\^ei^^blk^S2ik)bie52{k)bok 
+ A8T!\T\^ei&lk-'S2{k)blk%(k)bo + 'i8T^\T\^ei^lblk^S2{k)blk^52{k)bok 
+ 6ATi\T\^eiilblk''Siik)bokS2{k)bo + 64Ti\T\^ei^lblk''di{k)bod2{k)bok 
+ 64Ti\T\^^f^lblk^S2ik)bokSi{k)bo + 64Tf\T\^^f^lblk^S2ik)boSi{k)bok 
+ 6AT!\T\^ei^lblk*Si{k)bok^52{k)bo + 64Tf|T|2^2^|63fc4<5i(fc)6oM2(fc)6ofc 
+ MT!\T\^ei^lblk^S2{k)bok^S,{k)bo + 64rf |r|2^2^|&i^fc''52(fc)6oMi(fc)6oA; 
+ 32T!\T\^ei^lblk^S,{k)blk''S2ik)bo + 32Tf\T\^ei^lblk^S,{k)blk^d2{k)bok 
+ 32Ti\T\^ei^lblk^S2ik)blk^5i{k)bo + 32Ti\T\^ei^2blk''S2{k)blPSi{k)bok 
+ 32Ti\T\^ei^lblk^Si{k)blk''S2{k)bo + 32Ti\T\-'ei^lblk^S,{k)blk^62{k)bok 
+ 32T!\T\^ei^lhok'S2{k)blk^Si{k)bo + 32Tf\T\''ei^2blk'S2{k)blk^Si{k)bok 
+ 32T!\T\^^ieiblk^Si{k)bokSi{k)bo + 32Ti\T\^^ie2blk^5i{k)boSi{k)bok 
+ 32Tf Irp^i^f fe[jfc4^i(fc)feofc'^i(fc)&o + 32Tf|r|2eief63fc4,5i(fc)6oMi(fc)foofc 
+ 16Ti\T\^^ie^blk^Si{k)blk^Si{k)bo + WTi\T\^^ieiblk'^Si{k)blk''5i{k)bok 
+ 16T^\T\^Ci^lbie5iik)blk^5i{k)bo + 16Tf\T\^^i^lblPSi{k)blk^Si{k)bok 
+ 64ri|T|4^3^|^ofc''52(fc)foofc'52(fc)bo + Q4Ti\T\^ei^lblk''d2{k)bnS2{k)bok 
+ 64Ti\T\^ei^lblk''S2{k)bok^62{k)bo + 64n\T\^ei^lblk''52{k)bokS2{k)bok 
+ 32Ti\T\^ei^lblk^62{k)blk^d2{k)bo + 32Ti\T\^ei^lblk^62{k)blkH2{k)b„k 
+ 32ri|T|4^3^|^§fe''52(fc)&2fc4^2(A;)6o + 32n\T\^ei^lblk^62{k)blk^S2{k)bok 
+ 56n\T\'^^UIblk^6iik)bokS2{k)bo + 56Ti\T\'^^UIblk^6i{k)bod2{k)bok 
+ 56Ti|T|4^2^|63fc552(fc)6oMi(fc)6o + 56n\T\^ei^2blk^S2{k)boSi{k)bok 
+ 56ri|T|4^2^|63fc4^i(fc)feofc''52(A)6o + 56n\T\^ei^lblk^5i{k)bokd2{k)bok 
+ 56n\T\^ei^lblk^52{k)bok^Si{k)bQ + 56n\T\^ei^lblk^52{k)bokdi{k)bok 

+ 28ri|T|4e2^|&2fc-''Jl(fc)&§fc352(fc)6o + 28Ti|T|4^2^|62fc3,5i(fc)62fc252(fc)6ofc 
+ 28ri|T|4e2^|fe2fc352(fc)6§fc3^i(fc)6o + 28Ti|T|4^2^|fe2fc352(fc)62fc25l(fc)6ofc 

+ 28ri|T|4e2^|62fc2^i(fc)62fc4<52(fc)6o + 28Ti|r|4^2^|62fc2^i(fc)&2fc352(fc)6ofc 

+ 28n\T\^ei^lblk^62{k)blk''6i{k)b„ + 28Ti|T|4^2^|&2fc2^2(fc)&§fc35l(fc)6ofc 

+ 16Ti\T\%^lblk^5i{k)bok5i{k)bo + 16Ti|T|4^i^f63fc55i(fc)6o'5i(fc)6ofc 
+ WTi\T\%^lblk''Si{k)bok^Si{k)bo + 16n\T\%^lblk''Si{k)bok6iik)bok 
+ 8Ti\T\*^i^lblk^Si{k)blk^Si{k)bo + 8TM''^i&lkH^{k)blkHi{k)b^k 
+ 8ri|T|4eiC|62fc25i(fc)62fc4Ji(fe)6o + 8TM''ii^lbieh{k)blkHi{k)bok 
+ 104r2|r|4^2^|^ofc''52(fc)6oM2(fc)&o + lMTl\T\'^eii^blkH2{k)bo52{k)bok 

+ 104T2|T|4e2e|63fc4j2(fc)6ofc'<^2(fc)&0 + 104t2 |t|4^2^|^oA^'52 (fc)&ofc'52 (fc)6ofc 

+ 52T2|r|4^2^|^ofc^<52(fc)&gfc3<52(fc)&o + 52Tf Irl^^^^l^gfe^Ja (fc)6§fc2^2 (A)6o A; 
+ 52r2|T|4^2^|^ofc''52(fc)&gA;4<52(fc)&o + f>2Tl\T\''ei£.tblk''52{k)blk''52{k)bok 
+ ^QTl\T\%ilblkH,{k)bok52{k)bu + 40T2|T|4aef &3fc5Ji(fc)&o(52(fc)6ofc 
+ 40T2|T|4^ie|b3fc5(52(fc)6ofc'5i(fc)6o + A{)Tl\T\'^^iS,lblkH2{k)bo5i{k)bok 
+ 40ri2|T|4aef&j]fc%(fc)&oA;2(52(fc)&o+40Tf|r|4^iC|6gfc45i(fc)6oM2(fc)6ofc 
+ 40ri2|T|4a€Po^^'52(fc)6oA;2(5i(/e)6o + 40Ti2|r|4a€2^ofc^<^2(A;)6o/e(5i(/e)6ofc 
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+ 20Tf\T\%^lblk^6i{k)blk^52{k)bo + 20Tf\T\*^i^lblk^Si{k)blk^52{k)bok 
+ 20Ti\T\%£.lblk''S2{k)blk''Si{k)bo + 20T^\T\^^i^lblk^S2{k)bieSi{k)bok 
+ 20r2|T|4ae|&ofc'^i(fc)^ofc^^2(fc)&o + 20T2|T|4eie|6gfc25i(fc)62fc352(fc)6ofc 
+ 20Tf\T\%e2blkH2{k)blk^5,ik)bo + 20r2|T|4eie|62fc252(fc)&§fc35i(fc)6ofc 
+ 8Tf\T\^^lblk^5i{k)bnkSi{k)bo + 8T^\T\'^£.lblk^6i{k)boSi{k)bok 
+ 8T^\T\'^^lblk'^di{k)bok^Si{k)bo + 8T^\T\^^lblk'^6i{k)bok6i{k)bok 
+ 'iTl\T\''^lblkHiik)blkHi{k)bo + 'iTl\T\'^^lblkHi{k)blk^Si{k)bok 
+ iTf\T\^^lblk^Si{k)blk^Si{k)bo + iTf\T\^£.lblk^6i{k)blk^6i{k)bok 
+ 16|r|6^2^|&3fc5j2(fc)&oM2(fc)&o + l6\T\^ei^lHk^S2{k)bo62{k)bok 
+ 16|r|6^2^|63fc4j2(fc)&ofc2^2(fc)&o + l6\T\''^UIblk^62{k)bokd2{k)bok 
+ 8\T\''ei^lblk^S2ik)blk^S2{k)bo + 8\T\^CUIblk^S2ik)blk^S2ik)bok 
+ 8\T\^ei^lblk^S2{k)blk^52{k)bo + 8\T\^ei^lblkH2{k)blk^62{k)bok 
+ 8\T\^^i^lblk^Si{k)b„kS2{k)b„ + 8\Tf^ie2blk''Si{k)b„62{k)bok 
+ 8\T\^^i^lblk^62ik)bokSiik)bo + 8|T|6fif|&ofc'^2(fc)&o'5i(fc)&ofc 
+ 8\T\''^i^lblk^6iik)bok^S2{k)bo + 8|T|6aC|&3fc%(fc)&oM2(fc)&ofc 
+ 8\T\^^iQblk*S2{k)bokHi{k)bo + 8\TfCi^lblk%{k)bok6i{k)bok 
+ MT\^^i^lblk^Si{k)blk^62{k)bo + MrfCi&lk^Si{k)blk^S2{k)bok 
+ MT\'^^i^lblk^S2{k)blk^Si{k)bo + MrfCi&lk^S2{k)blk^Si{k)bok 

+ 4|T|6fif|^ofc'^2(fc)6gfc%(fc)6o + Mrf^i^lblkH2ik)blk^Si{k)bok 
+ 48n\T\^^i^lblk^62{k)bok62ik)bo + 48Ti|T|6eiC|63fc5j2(fc)6o'52(fc)6ofc 
+ 48Ti\T\^^i^lblk%{k)boPS2ik)bo + A8Ti\T\^^i^lblk%{k)bokd2{k)bok 
+ 24Ti\T\^^i^lblk^62{k)blk^S2{k)bo + 24n\T\^^i^lblk^62{k)blk^S2{k)bok 
+ 2ATi\T\^^i^lblk^62{k)blk^S2{k)bo + 2ATi\T\^^i^lblk^62{k)blk^S2{k)bok 
+ 8Ti\Tf^lblk^Si{k)bokS2{k)bo + 8n\T\'^^lb^k^Si{k)bQ62{k)bok 
+ 8Ti\T\'^£_lblk^62{k)bokSi{k)bo + 8ri|r|6^f 63fc5^2(fc)6o'5i(fc)&ofc 
+ 8Ti\Tf^lblk%{k)bok^62{k)bo + 8Ti\T\'^^lblk%{k)bokS2{k)bok 
+ 8n\Tf^lblk%{k)bok^i{k)bo + 8Ti\T\'^^lblk^62{k)bokSi{k)bok 
+ ATi\Tf^lblk^Si{k)blk^62ik)bo+^Ti\Tf^^blk^Si{k)blkH2{k)bok 

+ 4Ti|T|6^652p^^(;,)^2pj^(^)^^_^4^^|^|6^652;.3j2(fc)62fc2j^(fc);,jj;. 

+ ATi\T\'^£_lblk^Si{k)blk^S2{k)bo + 4Ti\T\^^lblk^Si{k)blk'^S2{k)bok 
+ ATi\T\'^£_lbieS2{k)blk^Si{k)bo + 4n\T\^^lblk^S2ik)blk'^5i{k)bok 
+ 8|r|8^6&3fc552(fc)6oM2(fc)6o + 8\T\^£.lblk^S2{k)boS2{k)bok 
+ 8|r|8^6^3fc%(fc)&ofc'<52(fc)&o + 8\T\^^lblk^62{k)bQk62ik)bok 
+ Mr\^^lblk'S2{k)blk'62{k)bo + Mrf^lblk^S2{k)blk^S2{k)bok 
+ 4|r|8ef &2^2j2(fc)6gfc%(fc)6o + Mrf^lblk^S2{k)blk^S2{k)bok. 
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